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SUMMARY 

An i n v e s t i g a t i o n  has been conducted a t  s t a t i c  cond i t ions  (wind o f f )  i n  t h e  
static-test f a c i l i t y  of  t he  Langley 16-foot t r anson ic  tunnel .  The e f f e c t s  of 
s e v e r a l  geometr ic  parameters on t h e  i n t e r n a l  performance of nonaxisymnetric 
convergent-divergent ,  single-ramp expansion, and wedge nozzles  were i n v e s t i -  
gated a t  nozzle pressure ratios up to approximately 10. I n  add i t ion ,  t w o  d i f -  
f e r e n t  t h rus t -vec to r ing  schemes were inves t iga t ed  wi th  t h e  wedge nozzle.  

The resul ts  of t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  as wi th  convent iona l  
round nozzles ,  p e a k  nonaxisymmetr ic-nozzle  i n t e r n a l  performance o c c u r s  near 
t h e  nozzle p r e s s u r e  ra t io  r equ i r ed  f o r  f u l l y  expanded exhaus t  flow. Nozzle 
s idewa l l  l eng th  or area g e n e r a l l y  had l i t t l e  e f f e c t  on the  i n t e r n a l  performance 
of t h e  nozzles  i n v e s t i g a t e d .  Cu t t ing  t h e  s idewa l l s  back from t h e  e x i t  plane on 
t h e  nonaxisymmetric convergent-divergent  nozzles  helped to a l l e v i a t e  problems 
a s s o c i a t e d  with u n s y m e t r i c  i n t e r n a l  f law s e p a r a t i o n  on t h e  d ive rgen t  f l ap  sur -  
faces fo r  overexpanded flow cond i t ions .  

INTRODUCTION 

Since t h e  advent of  t h e  t u r b o j e t  engine,  exhaust  nozzles  have t r a d i t i o n -  
a l l y  been c i rcular  i n  cross s e c t i o n  to f a c i l i t a t e  i n t e g r a t i o n  wi th  t h e  engine.  
Extensive development of t h e  "round" nozzle  concept  has r e s u l t e d  i n  s t r u c t u r -  
a l l y  and thermal ly  e f f i c i e n t  exhaus t  systems with high i n t e r n a l  performance. 
However, experimental  i n v e s t i g a t i o n s  ( r e f s .  1 to 3) on c u r r e n t ,  twin-engine 
f i g h t e r  a i r c r a f t  have shown t h a t  s i z a b l e  airplane performance p e n a l t i e s  are 
a s soc ia t ed  wi th  t h e  ins ta l la t ion  of t he  exhaust  system i n t o  the  a i r f rame.  
Most of t h e  e x t e r n a l  i n s t a l l a t i o n  pena l ty ,  f o r  mul t iengine  a i r c r a f t ,  probably 
r e s u l t s  from the  i n t e g r a t i o n  of "round" nozzles  i n t o  a " rec tangular"  a f te rbody.  
(See  r e f .  4. )  These c o n f i g u r a t i o n s  i n h e r e n t l y  have b o a t t a i l e d  "gu t t e r "  i n t e r -  
f a i r i n g s  or base reg ions  on the  a f te rbody.  

Recent s t u d i e s  on twin-engine f i g h t e r  airplanes ( r e f s .  5 to  13) have iden- 
t i f i e d  p o t e n t i a l  b e n e f i t s  fo r  a new nozzle  concept ,  t h e  nonaxisymmetric or two- 
dimensional nozzle.  This  unique nozzle concept is geomet r i ca l ly  amenable to 
improved c a p a b i l i t y  i n  the  areas of  improved i n t e g r a t i o n  f o r  i n s t a l l e d  drag 
reduct ion;  t h r u s t  vec to r ing  for maneuver enhancement and s h o r t - f i e l d  take-off 
and landing:  and t h r u s t  r eve r s ing  f o r  improved a g i l i t y ,  ground handl ing,  and 
reduced landing  ground roll .  Developnent of  t h e  nonaxisymnetric nozzle has 
concent ra ted  p r i m a r i l y  on t h r e e  nozz le  types, t h e  convergent-divergent 
( r e f s .  7, 1 0  to 12,  and 1 4 ) ,  single-ramp expansion ( r e f s .  8 and 13 to 181,  
and wedge ( r e f s .  4,  7, 10 to 1 2 ,  14 ,  and 19 to 2 4 ) .  Most of the  experimental  
i n v e s t i g a t i o n s  conducted on t h e s e  t h r e e  nozzle  types have concent ra ted  on quan- 
t i f y i n g  t h e  u n i n s t a l l e d  and i n s t a l l e d  performance of s p e c i f i c  nozzle  des igns  
a t  va r ious  nozzle power s e t t i n g s  during cruise, vec tored  t h r u s t ,  and reverse-  
t h r u s t  operating modes. 
ing  parametric d a t a  on nozzle  i n t e r n a l  des ign  geometric v a r i a b l e s  which could  

Cur ren t ly ,  l i t t l e  e f f o r t  has been expended on provid- 



l ead  to  improved nonaxisymmetric nozz le  des igns  wi th  higher  performance and/or 
lower s t r u c t u r a l  weight. One of t h e  obvious geometry des ign  parameters, which 
is unique to nonaxisymmetric nozz les  and r e q u i r e s  des ign  cons ide ra t ion ,  is noz- 
z l e  s idewa l l  geometry. I f  nozzle  s idewa l l  area could be decreased without  sub- 
s t a n t i a l  loss i n  performance, nozz le  s t r u c t u r a l  weight and nozz le  cool ing  
requirements  could probably be reduced. I n  a d d i t i o n ,  u t i l i z a t i o n  of a simple 
wedge f l a p  f o r  provid ing  a th rus t -vec to r ing  c a p a b i l i t y  could  reduce weight from 
vec tor ing  schemes c u r r e n t l y  under c o n s i d e r a t i o n  f o r  wedge-type nozzles.  

Th i s  paper p r e s e n t s  t h e  i n t e r n a l  performance of t h r e e  d i f f e r e n t  nonaxisym- 
metric nozzle  types, namely, convergent-divergent ,  single-ramp expansion, and 
wedge. The e f f e c t s  on i n t e r n a l  performance o f  nozz le  s idewa l l  geometry are 
presented  f o r  a l l  t h r e e  types of  nozzles.  I n  add i t ion ,  for t h e  convergent- 
d ive rgen t  type nozzle ,  t h e  e f f e c t s  on i n t e r n a l  performance of  varying d ive rgen t  
f l a p  l eng th ,  d ivergence  angle ,  and expansion r a t io  are presented.  For t h e  
wedge-type nozzle ,  t h e  e f f e c t s  on i n t e r n a l  performance of  varying e x t e r n a l  f l a p  
l e n g t h  ( e x t e r n a l  expansion ra t io)  and vec to r ing  scheme are presented.  Th i s  
i n v e s t i g a t i o n  w a s  conducted i n  t h e  static-test f a c i l i t y  of t h e  Langley 16-foot 
t r anson ic  tunne l  a t  a Mach number of  0 and a t  nozz le  pressure ratios up to 
approximately 10. 

SYMBOLS 

A l l  f o r c e s  (wi th  t h e  except ion o f  r e s u l t a n t  g r o s s  t h r u s t )  and angles  are 
r e f e r r e d  to  t h e  model c e n t e r l i n e  (body a x i s ) .  A d e t a i l e d  d i scuss ion  of t h e  
data-reduct ion and c a l i b r a t i o n  procedures  as w e l l  as d e f i n i t i o n s  of  f o r c e s ,  
angles ,  and p ropu l s ion  r e l a t i o n s h i p s  u s e d  he re in  can be found i n  r e f e r e n c e  14. 

W t  
AR nozzle- throa t  aspect ra t io ,  - 

h t  

2 A e  nozzle-exi t  area, cm 

A e , e  e x t e r n a l  e x i t  area f o r  f u l l y  expanded f law ( e x i t  area a t  end of  
e x t e r n a l  exhaus t  f law expans ion) ,  c m 2  

A e , i  

A t  nozzle- throat  area, c m 2  

i n t e r n a l  e x i t  area ( e x i t  area a t  end o f  i n t e r n a l  exhaust  f law 
expans ion) ,  cm2 

F measured t h r u s t  a long body a x i s ,  N 

Fi 
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I 

Fr 

he 

h t  

hW 

N 

xe 

Xf 

XS 

X t  

Y 

r e s u l t a n t  g r o s s  t h r u s t ,  \I.2 + N2, N 

nozzle-exi t  he igh t ,  c m  

nozzle- throat  he igh t ,  c m  

wedge he igh t ,  c m  

measured normal f o r c e ,  N 

local s ta t ic  p res su re ,  Pa 

j e t  t o t a l  p re s su re ,  Pa 

ambient p re s su re ,  Pa 

gas  cons t an t  ( f o r  y = 1.39971, 287.3 J/kg-K 

je t  total  temperature ,  K 

i d e a l  mass-flaw rate ,  kg/sec 

measured mass-flaw rate ,  kg/sec 

nozz le- throa t  width, 10.157 c m  

a x i a l  d i s t a n c e  measured from nozz le  connect s t a t i o n ,  p o s i t i v e  
downstream, c m  

l eng th  from nozz le  connect  s t a t i o n  to nozzle-exi t  s t a t i o n ,  c m  

l eng th  from nozzle  connect s t a t i o n  to  hinge of  wedge vector  f lap,  c m  

length  from nozz le  connect  s t a t i o n  to  end of nozz le  s idewall ,  c m  

l e n g t h  from nozzle  connect s t a t i o n  to  nozz le- throa t  s t a t i o n ,  c m  

l a t e ra l  d i s t a n c e  measured from m o d e l  c e n t e r l i n e ,  p o s i t i v e  to l e f t  
looking upstream, c m  

v e r t i c a l  d i s t a n c e  measured from model c e n t e r l i n e ,  p o s i t i v e  up, c m  

ra t io  of specific hea t s ,  1.3997 f o r  a i r  

divergence ang le  of nozz le  d ive rgen t  f l a p ,  deg 

N 

F 
Gstatic r e s u l t a n t  t h r u s t  vec tor  angle ,  tan’’ -, deg 

6” geometr ic  vec tor  a n g l e  measured from h o r i z o n t a l  r e fe rence  l i n e ,  deg 
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Subscr ip ts :  

d des ign  p o i n t  

e e x t e r n a l  

i i n t e r  n a l  

2 lawer 

max maximum 

U upper 

Con f i gu r a t i on de si g na ti ons : 

2-D C-D 

c1. . .c13 

SR1. . .SR5 

w1. . .w4 

G 

V 

F 

two-d imens i ona 1 conve 1: gent-d i v e r  gen t  nozzles  

conver gent-diver gent  nozzles  

single-ramp expansion nozzles  

wedge nozz les  

gimbaled 

vec tored  

forward f l a p  

APPARATUS AND METHODS 

Sta t i c -Tes t  F a c i l i t y  

This  i n v e s t i g a t i o n  was conducted i n  t h e  static-test f a c i l i t y  of t h e  
Langley 16-foot t r a n s o n i c  tunnel .  Tes t ing  is accomplished i n  a room wi th  a 
high c e i l i n g  where t h e  je t  exhaus ts  to atmosphere through a l a r g e  open door- 
way. The c o n t r o l  r o o m  is remotely loca ted  from the  test area, and a closed- 
c i r c u i t  t e l e v i s i o n  camera is used to observe  t h e  model. Th i s  f a c i l i t y  u t i l i z e s  
t h e  same c l e a n ,  dry-a i r  supply as t h a t  used i n  t h e  16-foot t r a n s o n i c  tunne l  and 
a similar a i r - c o n t r o l  system - inc luding  va lv ing ,  f i l t e r s ,  and a hea t  exchanger 
( to operate t h e  j e t  f law a t  cons t an t  s t a g n a t i o n  tempera ture) .  Data are recorded 
on a 96-channel, magnetic-tape da t a -acqu i s i t i on  system. 

Si ngle-Engi ne Propuls ion  S imula t ion  System 

A ske tch  of  t h e  s ingle-engine air-powered nace l l e  model on which va r ious  
nozzles  were mounted is presented i n  f i g u r e  1 with  a typical nozzle  configura-  
t i o n  a t tached .  The body s h e l l  forward of  s t a t i o n  52.07 was removed f o r  t h i s  
i n v e s t  i g a t  i on. 

4 



An e x t e r n a l  high-pressure air  system provided a cont inuous f law of c l ean ,  
dry  a i r  a t  a c o n t r o l l e d  temperature of  about  300 K. 
var i ed  up to approximately 10 a t m  (1 a t m  = 101 .3 kPa) and was brought through 
the  dolly-mounted suppor t  s t r u t  by s i x  tubes  which connect to a high-pressure 
plenum chamber. A s  shown i n  f i g u r e  1 ,  t h e  air w a s  then discharged perpendicu- 
l a r l y  i n t o  the  model low-pressure plenum through e i g h t  mul t iho led  son ic  nozz les  
e q u a l l y  spaced around t h e  high-pressure plenum. This  method w a s  designed to 
minimize any f o r c e s  imposed by t h e  t r a n s f e r  of a x i a l  momentum a s  t h e  a i r  is 
passed from t h e  nonmetric high-pressure plenum to t h e  metric (mounted to t h e  
f o r c e  ba lance)  low-pressure plenum. Two f l e x i b l e  meta l  bellows a r e  used as 
seals and se rve  to compensate f o r  a x i a l  f o r c e s  caused by p r e s s u r i z a t i o n .  

This  high-pressure a i r  was 

The a i r  w a s  then passed from t h e  model low-pressure plenum (circular i n  
cross s e c t i o n )  through a t r a n s i t i o n  choke p l a t e  and in s t rumen ta t ion  s e c t i o n  
which were common f o r  a l l  nonaxisynrmetric nozz les  inves t iga t ed .  The t r a n s i t i o n  
s e c t i o n  provided a smooth f low pa th  f o r  t h e  a i r f l o w  from t h e  round law-pressure 
plenum to t h e  r ec t angu la r  choke plate and in s t rumen ta t ion  sec t ion .  The i n s t r u -  
mentat ion s e c t i o n  had a flow pa th  width-height ratio of  1.437 and w a s  i d e n t i c a l  
i n  geometry to t h e  nozz le  a i r f l a w  ent rance .  
a t t ached  to t h e  in s t rumen ta t ion  s e c t i o n  a t  model s t a t i o n  104.47. 

A l l  nozzle  c o n f i g u r a t i o n s  were 

Nozzle Design 

Three d i f f e r e n t  nonaxisymmetric nozz le  concepts  were i n v e s t i g a t e d  f o r  t h e  
c u r r e n t  s tudy,  namely, convergent-divergent ,  single-ramp expansion,  and wedge. 
Sketches and photographs of  t h e  nozz le  conf igu ra t ions  are shown i n  f i g u r e s  2,  
3 , and 4 for t h e  convergent-divergent ,  single-ramp expansion,  and wedge nozz le  
concepts ,  r e spec t ive ly .  Pa rame t r i c  geometry changes were obtaimed by use of 
in te rchangeable  upper and lower nozzle  f l a p s  and sidewalls. A l l  nozz les  had a 
c o n s t a n t  exhaust  flow pa th  width of  10.157 cm. 

For the  convergent-divergent  nozzle  concept ( s e e  f i g .  2 )  , paramet r ic  geom- 
e t r y  v a r i a t i o n s  were made to determine t h e  e f f e c t s  of expansion ratio, d iver -  
gence angle ,  d ive rgen t  f l a p  l e n g t h ,  and s idewal l  l e n g t h  on i n t e r n a l  performance. 
With t h e  except ion  of  c o n f i g u r a t i o n s  C7 and C8 (see f i g .  2 ( c ) ) ,  t h e  s idewall  
geometr ies  i n v e s t i g a t e d  r e p r e s e n t  f i x e d  s idewa l l s  which would probably r e s u l t  
i n  e x t e r n a l  fences  f o r  var iable-geometry nozz les  ope ra t ing  a t  low expansion 
r a t i o s  on an a c t u a l  a i r c r a f t .  Conf igura t ion  C7 r e p r e s e n t s  a f ixed  s idewa l l  
which would not  r e s u l t  i n  e x t e r n a l  fences  when i n s t a l l e d  on an a i r c r a f t  bu t  
which would resu l t  i n  vent ing  t h e  s idewa l l s  a long t h e  d ive rgen t  f l a p s  dur ing  
engine  ope ra t ion  a t  high expansion ratios. Conf igura t ion  C8 r e p r e s e n t s  a 
variable-geometry s i d e w a l l  concept  where t h e  s idewa l l  is sp l i t  a long t h e  model 
c e n t e r l i n e  and each s i d e w a l l  h a l f  is a t t ached  r i g i d l y  to t h e  nozz le  d ive rgen t  
f l a p s .  Thus, as nozzle  expansion ratio is inc reased  from l a w  to high va lues ,  
t h e  s i d e w a l l  opens i n  a scissorlike manner to vent  t h e  c e n t e r l i n e  area of t h e  
si dewa 1 1. 

For t h e  single-ramp expansion nozz le  concept  (see f i g .  3 ) ,  on ly  s idewa l l  
geometry e f f e c t s  were i n v e s t i g a t e d .  A l l  s i dewa l l  geometr ies  f o r  t h i s  nozz le  
concept  r e p r e s e n t  f i x e d  geometry des igns .  

5 



Parametr ic  geometry v a r i a t i o n s  f o r  t h e  wedge nozz le  concept  (see f i g .  4) 
were made to determine t h e  e f f e c t s  of e x t e r n a l  expansion ratio, s idewall  l eng th ,  
and vec tored  t h r u s t  ope ra t ion  on i n t e r n a l  performance. A l l  wedge nozz le  config-  
u r a t i o n s  u t i l i z e d  t h e  same centerbody wedge. Two d i f f e r e n t  vec tor  schemes were 
inves t iga t ed .  Conf igura t ion  W4(G20) (see f i g .  4 ( c ) )  r e p r e s e n t s  a vec tor  scheme 
i n  which a gimbal mechanism is i n s e r t e d  i n t o  t h e  engine ta i lpipe ahead of t h e  
nozzle.  This  vec tor  scheme inco rpora t e s  a subsonic  flow-turning process to 
achieve t h e  d e s i r e d  t h r u s t  vector angle.  A l l  o the r  vec tored  conf igu ra t ions  
(see f i g s .  4(a) and 4 ( b ) )  r e p r e s e n t  a vec tor  scheme i n  which a simple f l a p  is 
d e f l e c t e d  i n t o  t h e  exhaus t  f low on t h e  wedge lower su r face .  Th i s  vec tor  scheme 
inco rpora t e s  a forced  d e f l e c t i o n  of t h e  f l a w  on t h e  wedge lower s u r f a c e  only. 
The e f f e c t s  of  vec tor  angle  and vec tor  f l a p  l o c a t i o n  were inves t iga t ed .  

I n s  t r  umen t a t i on 

A three-component s t ra in-gage ba lance  w a s  used to measure t h e  f o r c e s  and 
moments on t h e  model downstream of  s t a t i o n  52.07 cm. (See f i g .  1 . )  Jet t o t a l  
p r e s s u r e  was measured a t  a f ixed  s t a t i o n  i n  t h e  in s t rumen ta t ion  s e c t i o n  (see 
f i g .  1) by means o f  a four-probe rake through t h e  upper su r face ,  a three-probe 
rake through t h e  s i d e ,  and a three-probe rake through t h e  corner .  A thermo- 
couple, also located i n  t h e  ins t rumenta t ion  s e c t i o n ,  w a s  used to measure je t  
total  temperature. An e l e c t r o n i c  t u r b i n e  flowmeter w a s  used to measure t h e  
mass flow o f  t h e  high-pressure a i r  i n  t h e  supply l i n e .  

With t h e  except ion  of s e v e r a l  pressure tubes  taped to  t h e  upper and lower 
f l a p s  during t h e  f i r s t  s e v e r a l  data runs ,  t h e  m o d e l  conta ined  no e x t e r n a l  pres- 
s u r e  ins t rumenta t ion .  I n t e r n a l  s t a t i c - p r e s s u r e  or i f  ices were located on t h e  
nozz le  d ive rgen t  f laps  and sidewalls and also on t h e  wedge upper and lower sur-  
faces .  The l o c a t i o n s  of  t h e s e  o r i f i c e s  are g iven  i n  t h e  appendix. 

Data Reduction 

A l l  d a t a  were recorded s imultaneously on magnetic tape. Approximately 
11 frames of d a t a ,  taken a t  a ra te  of  2 frames per second, were used fo r  each 
d a t a  p o i n t ;  average va lues  were used i n  computations. D a t a  were recorded i n  an 
ascending order  of p t , j  wi th  s e v e r a l  repeat p o i n t s  being recorded as p t , j  
was decreased from t h e  maximum value  obtained.  With t h e  except ion  of r e s u l t a n t  
g r o s s  t h r u s t  F,, a l l  f o r c e  data i n  t h i s  report are referenced  to  t h e  m o d e l  
c en te r  l i n e .  

The b a s i c  performance parameter used fo r  t h e  p r e s e n t a t i o n  of  r e s u l t s  is 
t h e  i n t e r n a l  t h r u s t  r a t io  F/Fj, which is t h e  ratio of t h e  a c t u a l  nozzle  t h r u s t  
(a long t h e  body a x i s )  to t h e  i d e a l  nozz le  t h r u s t .  A c t u a l  nozz le  t h r u s t  was 
obta ined  f r m  t h e  ba lance  ax ia l - fo rce  measurement corrected f o r  weight tares 
and balance i n t e r a c t i o n s .  Although t h e  bel laws arrangement w a s  designed to  
e l i m i n a t e  pressure and momentum i n t e r a c t i o n s  with t h e  balance,  small bel lows 
tares  on a x i a l ,  normal, and p i t c h  balance components s t i l l  e x i s t .  These tares 
r e s u l t  f r m  a small pressure d i f f e r e n c e  between t h e  ends of t h e  bel lows when 
i n t e r n a l  v e l o c i t i e s  are high and also smal l  d i f f e r e n c e s  i n  t h e  forward and a f t  
bellows sp r ing  c o n s t a n t s  when t h e  bel lows are p res su r i zed .  As discussed  i n  
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15, t hese  bellows tares were determined by running c a l i b r a t i o n  noz- 
known performance over a range of expected normal f o r c e s  and p i t c h i n g  
The balance d a t a  were then co r rec t ed  i n  a manner similar to t h a t  d i s -  
r e fe rence  14. During t h e  f i r s t  s e v e r a l  d a t a  runs,  e x t e r n a l  nozz le  
were measured on t h e  nozz le  upper and lower f l a p s  to determine 
c o r r e c t i o n  would be r equ i r ed  f o r  a "suck down" e f f e c t  of t h e  j e t  on 

e x t e r n a l  sur faces .  Neg l ig ib l e  e f f e c t s  of  t he  jet on e x t e r n a l  p r e s s u r e s  were 
found and no c o r r e c t i o n  w a s  applied to t h e  data .  

RESULTS AND DISCUSSION 

B a s i c  Data 

B a s i c  d a t a  for t h e  nonaxfsymmetric convergent-divergent ,  single-ramp 
expansion, and wedge nozzle  concepts  are presented  i n  f i g u r e s  5, 6, and 7, 
r e spec t ive ly .  Nozzle i n t e r n a l  t h r u s t  r a t io  F/Fi, r e s u l t a n t  t h r u s t  r a t io  
F,/Fi, and d ischarge  c o e f f i c i e n t  w d w i  are presented  as a func t ion  of  nozz le  
p re s su re  ra t io  pt,j/p, f o r  each conf igu ra t ion  inves t iga t ed .  These b a s i c  d a t a  
are used f o r  t h e  comparisons shown i n  l a te r  s e c t i o n s  of t h i s  paper. R e s u l t a n t  
t h r u s t  ra t ios ,  shown by t h e  dashed l i n e s  i n  f i g u r e s  6 and 7, are e s s e n t i a l l y  
equa l  to i n t e r n a l  t h r u s t  r a t i o  F/Fi, except  f o r  those conf igu ra t ions  which are 
unsymmetr i c  above and below t h e  m o d e l  c en te r  l i n e  (single-ramp expansion and 
vectored-wedge c o n f i g u r a t i o n s ) .  S i g n i f i c a n t  d i f f e r e n c e s  between i n t e r n a l  
t h r u s t  r a t i o  and r e s u l t a n t  t h r u s t  r a t i o  occur  fo r  t he  unsymmetric configura-  
t i o n s ,  s i n c e  t h e  je t -exhaus t  f low is turned  from t h e  a x i a l  d i r e c t i o n .  

For t h e  nonaxisymmetric convergent-divergent and single-ramp expansion 
nozzles  ope ra t ing  a t  nozzle  pressure ra t ios  g r e a t e r  than about  2.0, t h e  mea- 
sured  va lues  of d i scharge  c o e f f i c i e n t  
t i v e l y  independent of nozzle  pressure ratio.  Discharge c o e f f i c i e n t s  less  than  
1 .0  are caused by v i scous  e f f e c t s  which reduce t h e  amount of  f l o w  pass ing  
through t h e  t h r o a t  because of  momentum and vena c o n t r a c t a  losses. The s o n i c  
flow area is, t h e r e f o r e ,  p r o p o r t i o n a t e l y  less than t h e  geometr ic  t h r o a t  area 
A t  by t h e  ra t io  o f  measured mass flow to i d e a l  mass flow w /w. A t  nozz le  
p re s su re  ra t ios  less than about  2.0,  va lues  of d i scharge  c o e f f i c i e n t  g r e a t e r  
than 1 .0  may be noted f o r  a l l  nozz les  inves t iga t ed .  When a convergent- 
d ive rgen t  nozz le  is choked bu t  a t  a nozz le  p re s su re  r a t i o  less than about  
1.9, t h e  Mach number a t  t h e  t h r o a t  is 1.0 and t h e  mass flow remains a t  i ts  
p e a k  value.  However, t h e  denominator o f  d i scharge  c o e f f i c i e n t  is t h e  i d e a l  
mass flow of a convergent nozzle  having t h e  same t h r o a t  area. S ince  a conver- 
gent  nozz le  may be unchoked a t  these  cond i t ions ,  i ts mass flow has  decreased 
f r m  t h e  peak value.  Th i s  decrease  i n  t h e  denominator resu l t s  i n  an i n c r e a s e  
i n  d ischarge  c o e f f i c i e n t  and its va lues  may exceed 1.0. This  cond i t ion  does 
not  r e f l e c t  a p h y s i c a l l y  impossible  s i t u a t i o n  but  is a d i r e c t  r e s u l t  of t h e  
d e f i n i t i o n  used fo r  d i scharge  c o e f f i c i e n t .  For the  wedge nozz les ,  an increas-  
ing  d ischarge  c o e f f i c i e n t  with nozz le  pressure r a t io  w a s  measured wi th  va lues  
g r e a t e r  than 1.0 being ob ta ined  a t  t h e  h ighes t  nozz le  p re s su re  ratios. The 
v a r i a t i o n  of d i scha rge  c o e f f i c i e n t  with nozzle  pressure ratio probably ind i -  
cates a movement o f  t he  a c t u a l  s o n i c  t h r o a t  l o c a t i o n  and area as nozz le  pres- 
s u r e  ra t io  var ied.  

wp!wi are less than 1.0 and are rela- 

p .I: 
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Resu l t an t  Thrus t  Vector Angles 

Measured r e s u l t a n t  t h r u s t  vec tor  ang le s  6,t,tiC are presented  i n  f i g -  
u r e s  8 to 10 as a func t ion  o f  nozz le  p r e s s u r e  ra t io  f o r  t h e  nonaxisymmetric 
convergent-divergent,  single-ramp expansion,  and wedge nozz le  concepts ,  
r es pec t i ve l y  . 

Since  nonaxisymmetric nozz les  g e n e r a l l y  have large f l a t  d ive rgen t  w a l l s  
i n  t h e  nozz le  p i t c h  p lane ,  t h e  p o s s i b i l i t y  ex is t s  t h a t  unsymmetrical i n t e r n a l  
f low sepa ra t ion  w i l l  cause unwanted t h r u s t  vec tor  ang le s  a t  c e r t a i n  condi t ions .  
Unlike convent iona l  round nozz les ,  which tend to  average o u t  unsymmetric i n t e r -  
n a l  f law s e p a r a t i o n  about  t h e  p i t c h  and yaw a x i s ,  nonaxisymmetric nozz les  would 
tend to act as f l u i d i c  va lves  and produce forces i n  t h e  p i t c h  plane,  s i n c e  t h a t  
is t h e  p lane  i n  which t h e  flow is being expanded. I n  add i t ion ,  t h e  d i r e c t i o n  
of f o r c e  would be dependent upon which d ive rgen t  f l a p  (upper or lower) t h e  flow 
sepa ra t ion  occurred on. Th i s  phenomenon can be r e a d i l y  observed by examination 
of t h e  measured r e s u l t a n t  t h r u s t  vec tor  ang le s  for nonaxisymmetric convergent- 
d ive rgen t  (2-D C-D) nozz les  shown i n  f i g u r e  8. A t  nozzle  pressure ratios 
greater than 3.0, small r e s u l t a n t  t h r u s t  vec tor  ang le s  (less than lo) were mea- 
sured  and were n e a r l y  independent of nozz le  p r e s s u r e  ratio. The small nega t ive  
angles  measured probably r e s u l t  from model misalignment during assembly and/or 
cons t ruc t ion .  Resu l t an t  t h r u s t  vec tor  ang le s  of t h i s  magnitude would have neg- 
l i g i b l e  e f f e c t s  (less than 0.02 pe rcen t )  on i n t e r n a l  performance. However, a t  
typical take-off and landing  cond i t ions  ( low speed, pt,j/p, < 3.0), where a i r -  
c r a f t  c o n t r o l  is c r i t i c a l  and t h e  c u r r e n t  d a t a  are most applicable, l a r g e  va r i -  
a t i o n s  of r e s u l t a n t  t h r u s t  vector  angle  (from -8O to go) were measured. I n  
a d d i t i o n ,  t h e  magnitude of  t h e  r e s u l t a n t  t h r u s t  vector  ang le  and i ts  v a r i a t i o n  
with nozzle  p r e s s u r e  ra t io  were unpred ic t ab le  (i. e., no t  repeatable). Unpre- 
d i c t a b l e  r e s u l t a n t  t h r u s t  vector  ang le s  of  t h i s  magnitude could cause severe  
a i r c r a f t  c o n t r o l  problems during take-off and landing.  The magnitude of t h e  
r e s u l t a n t  t h r u s t  vector  angles ,  for 
inc reas ing  nozzle  d ive rgen t  f l a p  l e n g t h  and/or i nc reas ing  nozz le  f l a p  d iver -  
gence angle.  (See f i g .  8 ( a ) . )  Fo r tuna te ly ,  high divergence angles  and long 
d ive rgen t  f laps  are g e n e r a l l y  associated with high-expansion-rat io  nozz les  
(exemplif ied by conf igu ra t ions  C4, C9 ,  C10,  and C 1 2 )  which are designed to  
operate a t  t r anson ic  and supersonic  speeds a t  nozzle  p r e s s u r e  ratios g r e a t e r  
than  3.0. A t  take-off and landing  cond i t ions  ( low pt,j/p,), modern va r i ab le -  
geometry nozz les  are closed down to  o p e r a t e  a t  l o w  expansion ratios and there-  
f o r e  have lw  nozzle  f l a p  divergence ang le s  and/or s h o r t  d ive rgen t  f l a p  l e n g t h s  
(exemplif ied by conf igu ra t ions  C1 and Cll) . Thus, a t  take-off and l and ing  
cond i t ions ,  t h e  s e v e r i t y  o f  t h e  problem is not  as g r e a t  as it w a s  i n i t i a l l y  
thought to be. I n  add i t ion ,  a p o t e n t i a l  s o l u t i o n  to  t h e  i n t e r n a l  f low separa- 
t i o n  problem is suggested by t h e  r e s u l t s  shown i n  f i g u r e  8 ( b ) .  These resu l t s  
i n d i c a t e  t h a t  vent ing  t h e  nozzle  s idewa l l s ,  e i t h e r  by w a l l  t r unca t ion  or by 
providing l o n g i t u d i n a l  slots,  s i g n i f i c a n t l y  reduces t h e  magnitude of t h e  mea- 
sured  r e s u l t a n t  t h r u s t  vector  angles  f o r  pt,j/p, < 3.0. Of course, t h e  e f f e c t  
o f  vent ing  t h e  nozz le  s idewa l l s  on nozz le  i n t e r n a l  performance, i f  any, must 
also be considered. 

pt,j/p, < 3.0, tended to  inc rease  wi th  

Measured r e s u l t a n t  t h r u s t  vector  angles  fo r  t he  single-ramp expansion noz- 
z l e s  are presented  i n  f i g u r e  9 and, as expected,  e x h i b i t  l a r g e  nonl inear  va r i a -  
t i o n s  wi th  nozz le  pressure ratio. A r e s u l t a n t  t h r u s t  vec tor  ang le  of  ze ro  
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would be expected on ly  a t  nozz le  pressure ra t ios  near des ign  ( f u l l y  expanded 
flow).  S i m i l a r  r e s u l t s  are repor t ed  i n  r e fe rence  25 f o r  a similar nozz le  
design. These t r e n d s  are caused by changing wave p a t t e r n s  impinging upon t h e  
expansion ramp as  t h e  nozz le  p r e s s u r e  ra t io  va r i e s .  A t  nozzle  p r e s s u r e  ra t ios  
g r e a t e r  or less than approximately 7 .0 ,  an ax ia l - fo rce  performance pena l ty  
would be a s soc ia t ed  with t h e  nonzero va lues  of  measured r e s u l t a n t  t h r u s t  vec- 
tor angles ,  s i n c e  t h e  t h r u s t  is turned  away from t h e  a x i a l  d i r e c t i o n .  The mag- 
n i t u d e  of t h i s  pena l ty  can be a s ses sed  by comparing i n t e r n a l  t h r u s t  ra t io  wi th  
t h e  r e s u l t a n t  t h r u s t  r a t io  shown i n  f i g u r e  6 f o r  t h e  single-ramp expansion noz- 
z l e s .  A t  a nozzle  pressure ra t io  o f  4.15, f o r  example, r e s u l t a n t  t h r u s t  vec tor  
ang le s  ranging from -5.5O to  -8.7O (see f i g .  9 )  cause  from 0.5 to 1 . 2  percen t  
loss of a x i a l  t h r u s t .  These d a t a  sugges t  a need for i n t e g r a t i o n  of a v a r i a b l e  
nozz le  expansion ramp wi th  an onboard f l i g h t  computer to e l i m i n a t e  unwanted 
r e s u l t a n t  t h r u s t  vec tor  angles .  Of course,  a i r p l a n e  t r i m  drag and nozz le  
e x t e r n a l  drag would also have to be cons idered  i n  the  computer .logic. 

The e f f e c t  of  nozzle  s idewa l l  containment is also addressed by f i g u r e  9,  
and as with t h e  2-D C-D nozzles ,  reducing t h e  amount of  s idewa l l  containment 
on single-ramp expansion nozz les  tends  to reduce t h e  v a r i a t i o n  of r e s u l t a n t  
t h r u s t  vector  ang le  wi th  nozz le  pressure rat io .  

F igure  10  p r e s e n t s  measured r e s u l t a n t  t h r u s t  vector  angles  f o r  t h e  wedge 
nozz le  conf igu ra t ions .  I n  gene ra l ,  nozz le  e x t e r n a l  expansion r a t i o  
and nozzle  s idewa l l  l e n g t h  had no e f f e c t  on t h e  r e s u l t a n t  t h r u s t  vec tor  angles .  
An unrepea tab le  v a r i a t i o n  of  +2O w a s  found near 
(Ae/At)  e = 2.982 ( long e x t e r n a l  f l a p )  conf igu ra t ions ;  t h i s  v a r i a t i o n  may 
r e s u l t  from asymmetric shock-induced s e p a r a t i o n  on t h e  wedge. 

p t ,  j/p, = 8.5 f o r  both 

Jet-exhaust  f low-turning c a p a b i l i t y  of a simple hinged f l a p  on t h e  wedge 
lower su r face  is shown i n  f igur ' es  10(b)  t o  lO(e). Large v a r i a t i o n s  i n  r e s u l -  
t a n t  t h r u s t  vector  angle  occur wi th  inc reas ing  nozzle  pressure r a t io  for a l l  
t h e s e  conf igu ra t ions .  These v a r i a t i o n s  probably r e s u l t  from t h e  changing wave 
p a t t e r n s  i n  t h e  supe r son ic  exhaus t  stream as j e t  t o t a l  pressure is var ied.  The 
r e s u l t s  i n d i c a t e  t h a t  a simple hinged f l a p  is an e f f e c t i v e  flow-turning device  
f o r  small vector  angles  (approximately So) but  r a p i d l y  loses its e f f e c t i v e n e s s  
as f l a p  ang le  is increased.  For example, w i t h  t h e  vector  f l a p  ang le  of 5O 
(6, = 5O), t h e  va lues  of measured r e s u l t a n t  t h r u s t  vec tor  angle  were g e n e r a l l y  
g r e a t e r  than 5O; however, wi th  6, = 20°, t h e  measured G s t a t i c  v a lues  were 
always less than 20°. 

The tu rn ing  c a p a b i l i t y  o f  a gimbal vec to r ing  scheme is compared wi th  t h e  
simple f l ap  vec to r ing  scheme a t  6, = 20° i n  f i g u r e  1O( f ) .  As expected,  s i n c e  
flow tu rn ing  is accomplished i n  subsonic  f l o w  ahead of  t h e  nozz le  t h r o a t ,  t h e  
gimbal vec to r ing  scheme is a very  e f f e c t i v e  flow-turning device;  measured 
r e s u l t a n t  t h r u s t  vec tor  a n g l e  d s t a t i c  
geometr ic  design vec tor  angle  of  20°. I n  add i t ion ,  t h e  gimbal scheme has  much 
greater flow-turning c a p a b i l i t y  than  a simple f l a p  scheme a t  high vec tor  angles .  
It  should be noted, however, t h a t  t h e  gimbal vec to r ing  scheme may have a l a r g e  
d e t r i m e n t a l  e f f e c t  on a i r c r a f t  aerodynamics dur ing  wind-on opera t ion .  R e s u l t s  
p re sen ted  i n  r e fe rence  25 on a s i m i l a r  gimbal vec to r ing  scheme i n s t a l l e d  with a 
convent iona l  round nozz le  show large inc reases  i n  e x t e r n a l  drag  dur ing  wind-on 
vectored opera t ion .  

g e n e r a l l y  va r i ed  less than l o  about  t h e  
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I n t e r n a l  S t a t i c - P r e s s u r e  D i s t r i b u t i o n s  

I n t e r n a l  static-pressure d a t a  are p resen ted  i n  t abu la t ed  form i n  t h e  
appendix. Typical i n t e r n a l  s t a t i c - p r e s s u r e  d i s t r i b u t i o n s  f o r  each nonaxi- 
symnetric nozz le  type i n v e s t i g a t e d  a r e  p re sen ted  i n  f i g u r e s  11 to 14. I n  
gene ra l ,  t h e  measured i n t e r n a l  s t a t i c - p r e s s u r e  d i s t r i b u t i o n s  are similar to 
those  measured i n  convent iona l  round nozz les  ( r e f .  26). For pt,./p, < 5.0, 
f o r  example, t h e  s t a t i c - p r e s s u r e  d i s t r i b u t i o n s  on t h e  d ive rgen t  f l a p  of t h e  
2-D C-D nozzle  (see f i g .  1 1 )  show a typical sudden p r e s s u r e  rise across t h e  
exhaust-flaw normal shock: t h i s  is g e n e r a l l y  followed by a plateau pressure 
i n d i c a t i n g  shock-induced f l o w  s e p a r a t i o n  from t h e  w a l l .  

F igu res  1 2  and 13 show t h a t  t h e  e f f e c t  of  vent ing  t h e  nozz le  sidewalls 
is confined to a reg ion  close to t h e  s idewal l .  Thus, one might expec t  l i t t l e  
effect of  vent ing  t h e  sidewalls on t h e  nozz le  i n t e r n a l  performance a t  s ta t ic  
condi t ions .  A s  expected,  s i n c e  flow t u r n i n g  occurs  upstream of t h e  nozzle  
t h r o a t ,  t h e  e f f e c t  of gimbaled vec to r ing  on t h e  wedge i n t e r n a l  static-pressure 
d i s t r i b u t i o n s  (see f i g .  1 4 )  is neg l ig ib l e .  Th i s  f a c t  l e a d s  one to expec t  
l i t t l e  e f f e c t  of gimbal t h r u s t  vec to r ing  on wedge nozz le  i n t e r n a l  performance. 

I n t e r n a l  Performance Comparisons 

Nonaxisymmetric convergent-divergent  nozz les  .- The e f f e c t  of s e v e r a l  noz- 
z l e  geometric des ign  parameters on i n t e r n a l  performance of  2-D C-D nozz les  is 
p resen ted  i n  f i g u r e s  15  to 17. Ae/At, 
d ivergence angle  p,  and d ive rgen t  f l a p  l e n g t h  on i n t e r n a l  performance are 
shown i n  f i g u r e  15. Camparison of  parts ( a )  and (b) wi th  part (c) of f i g u r e  15  
shows t h a t  t h e  major impact on performance is caused by nozzle  expansion ratio. 
For pt,*/p, > 4.0, divergence ang le  and d ive rgen t  f l a p  l e n g t h  had l i t t l e  

lower nozz le  p re s su re  ratios, divergence a n g l e  and f l a p  l e n g t h  a f f e c t  t h e  
i n t e r n a l  flow s e p a r a t i o n  cha rac t e r  istics and l a r g e r  e f f e c t s  on i n t e r n a l  per for -  
mance are observed. The e f f e c t  of  expansion ra t io  on 2-D C-D nozz le  i n t e r n a l  
performance is s i m i l a r  to  t h a t  which would be ob ta ined  on convent ional  round 
nozz les .  Peak performance is obta ined  near t h e  nozz le  pressure ratio requi red  
f o r  f u l l y  expanded exhaus t  flow. Va lues  of t h e  nozzle  pressure ra t io  r equ i r ed  
f o r  f u l l y  expanded flow 
r a t i o s  i n v e s t i g a t e d  f o r  each type nonaxisymmetric nozzle.  The t h r e e  configura-  
t i o n s  shown i n  f i g u r e  1 5 ( a )  are r e p r e s e n t a t i v e  of a s i n g l e ,  variable-geometry 
(hinged f l a p )  nozzle  o p e r a t i n g  a t  a f ixed  engine power s e t t i n g  ( cons t an t  A t ) .  
The v a r i a b l e  expansion ratio range (1.089 to 1.797) has  a corresponding 
(pt,j/p,)d 
corresponds to an ope ra t ing  f l i g h t  Mach number range from 0.3 to 1.6. (See 
r e f .  21 .) Since  expansion ratio would be cont inuous ly  v a r i a b l e ,  nozzle  i n t e r -  
n a l  performance can be estimated f o r  t h i s  Mach range by f a i r i n g  a l i n e  through 
the  peak performance p o i n t s  for each nozzle  expansion ra t io  inves t iga t ed .  For 
t h e  postulated nozz le  under cons ide ra t ion  (see f i g .  15  (a) ) , t h i s  procedure 
results i n  e x c e l l e n t  nozzle  i n t e r n a l  performance (F/Fi = 0.987 to 0.996) 
throughout  a Mach number range from 0.3 to 1.6. These r e s u l t s  are almost 
i d e n t i c a l  to  those  one would expec t  to o b t a i n  with convent iona l  round nozz les  
wi th  t h e  same range of  variable expansion ratio. 

The e f f e c t s  of  nozz le  expansion ratio 

e f f e c t  ( 1 ess than  1 pe rcen t )  on i n t e r n a l  performance. (See f i g .  1 5 ( c ) . )  A t  

(Pt,j/P,)d are l i s t e d  i n  t a b l e  I f o r  a l l  expansion 

range from 2.97 to 8.79, which, for a typical turbofan  engine,  
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TABm I.- NOZZLE PRESSURE RATIOS FOR FULLY EXPANDED FLOW 

(a) Nonaxisymmetr ic conver gent-diver gen t  nozz les  

1.236 
1.529 

~~ ~ 

%/At  
~~ 

1.089 
3.248 
1.397 
9.797 

4.19 
5.99 

I 
2.97 
4.25 
5.41 
8.79 

(b) Nonaxisymmetr ic  single-ramp expansion nozz les  

(c) Nonaxisymmetr ic  wedge nozz les  

1.220 
2.980 
3.810 

4.01 
20.90 
31.12 

Figure  16 p r e s e n t s  t h e  e f f e c t  of s idewa l l  l eng th  on 2-D C-D nozz le  i n t e r -  
n a l  performance. I n  gene ra l ,  c u t t i n g  t h e  nozzle  s idewa l l s  back from t h e  e x i t  
p lane  ( t h u s  reducing t h e  weight and cool ing  area) had l i t t l e  e f f e c t  on nozz le  
i n t e r n a l  performance. It  should be noted t h a t  t h e s e  r e s u l t s  were obta ined  a t  
wind-off cond i t ions  and t h a t  e x t e r n a l  f l a w  i n t e r a c t i o n s  cou ld  a f f e c t  i n t e r n a l  
performance a t  forward speeds.  Cu t t ing  t h e  s idewa l l  back approximately 40 t o  
50 pe rcen t  r e s u l t e d  i n  i n t e r n a l  performance v a r i a t i o n s  which were g e n e r a l l y  
wi th in  t h e  ba lance  accuracy (1/2 pe rcen t  of  F i )  . Cut t ing  t h e  s idewa l l  back 
approximately 75 pe rcen t  r e s u l t e d  i n  only  a 1-percent i n t e r n a l  performance loss 
a t  high nozzle pressure ratios. (See f i g .  16 (b ) . )  

L 

Sidewall  slots or v e n t s  had l i t t l e  or no e f f e c t  on 2-D C-D nozz le  i n t e r n a l  
performance, as shown by f i g u r e  17. 
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Single-ramp expansion m z z l e s  .- The e f f e c t  of  s idewa l l  geometry (s ide-  
wall area) on t h e  i n t e r n a l  performance of  a single-ramp expansion nozzle  
is presented i n  f i g u r e  18. For t hese  nozzles ,  t h e  exhaust  f low expansion 
process occurs both i n t e r n a l l y  and e x t e r n a l l y .  I n t e r n a l  expansion occurs 
from the  t h r o a t  up to  the  lower f l a p  e x i t .  Ex te rna l  expansion o c c u r s  down- 
stream of t h e  lower f l a p  e x i t  and between f i x e d  (expansion ramp) and f r e e  
(free stream/exhaust) upper and lower boundaries ,  r e s p e c t i v e l y .  Thus, i n t e r -  
n a l  performance is inf luenced  by i n t e r n a l  and e x t e r n a l  expansion ra t ios  and is 
g e n e r a l l y  c h a r a c t e r i z e d  by t w o  performance p e a k s .  The f i r s t  p e a k  occurs  near 
t h e  design pressure ratio corresponding to ( A e / A t ) i  and is g e n e r a l l y  lower 
than  the  second peak ,  which o c c u r s  near the  des ign  p res su re  ra t io  corresponding 
to ( A e / A t ) e -  

Reducing nozz le  s idewa l l  area on t h i s  type of nonaxisymmetric nozzle  gen- 
e r a l l y  had a n e g l i g i b l e  e f f e c t  on i n t e r n a l  performance. 
performance a t  t he  f i r s t  performance p e a k  ( conf igu ra t ions  SR3 and SR5) and 
decrease performance a t  h igh  j e t  to t a l -p re s su re  ra t ios  ( conf igu ra t ion  SR3) may 
be noted. It  should also be noted t h a t  nozzles  wi th  free-expansion boundaries  
w i l l  be s e n s i t i v e  to e x t e r n a l  flow e f f e c t s  a t  forward speeds.  

A tendency to increase 

Wedge nozzles  .- The e f f e c t s  of s idewa l l  l e n g t h  and e x t e r n a l  expansion 
r a t io  on wedge nozzle i n t e r n a l  performance are presented  i n  f i g u r e  19. The 
wedge nozzles  of t h i s  i n v e s t i g a t i o n  have free-expansion boundaries  downstream 
of t h e  f l a p  e x i t s  similar to t h e  single-ramp expansion nozzles  d iscussed  pre- 
ViOUSly. However, t h e  des ign  nozzle  p re s su re  ratios (Pt , j /P&dr  corresponding 
to both e x t e r n a l  expansion ra t ios  (Ae/At)  e i n v e s t i g a t e d ,  occur w e l l  beyond 
t h e  c a p a b i l i t y  of the  test f a c i l i t y  used f o r  the  c u r r e n t  i n v e s t i g a t i o n .  There- 
f o r e ,  t h e  second performance peak, f o r  t h e  wedge nozzles  i n v e s t i g a t e d ,  is not 
def ined  by t h e  d a t a  shown i n  f i g u r e  19. 

The wedge nozzle performance l e v e l s  shown i n  f i g u r e  19 are 3 to  4 percen t  
below t h a t  measured fo r  the  2-D C-D and single-ramp expansion nozzles .  However, 
peak performance was probably not reached because of t h e  l imi t ed  nozzle pressure 
range. I n  a d d i t i o n ,  it is expected t h a t  e x t e r n a l  f low i n t e r a c t i o n s  w i l l  have 
b e n e f i c i a l  e f f e c t s  on i n t e r n a l  performance. (See r e f .  1 4 . )  The e f f e c t  of  
wedge nozzle  s idewa l l  l eng th  on i n t e r n a l  performance was g e n e r a l l y  n e g l i g i b l e  
(less than 1/2 pe rcen t  of F i ) .  For pt! j/p, > 5.0, t h e  low-external-expansion- 
r a t io  wedge nozzles  (W3 and W4) had s i g n i f i c a n t l y  higher  performance than the  
high-external-expansion-rat io  nozz les  (W1 and W2) over t h e  nozzle p r e s s u r e  
r a t io  range of t he  tests. One explana t ion  f o r  t h i s  r e su l t  is t h a t  t he  second 
performance peak f o r  t h e  l o w  (Ae/At)  e nozzles  w i l l  probably occur a t  a lower 
nozz le  pressure ra t io  than  t h a t  fo r  t he  high ( A e / A t ) e  nozzles .  

F igure  20 p r e s e n t s  t h e  e f f e c t  of vector  f l a p  angle  on i n t e r n a l  performance 
of wedge nozzles .  Flow-turning c a p a b i l i t i e s  of  the  vector  f l a p  were d iscussed  
i n  a prev ious  sec t ion .  A s  shown by f i g u r e  20, l a r g e  i n t e r n a l  performance 
losses are a s soc ia t ed  with vectored ope ra t ion ,  t h e  losses g e n e r a l l y  increasing 
with inc reas ing  vector  f l a p  angle.  
to  6.5  percen t  of F i  were measured. However, it should be noted t h a t  m o s t  
of t h e  i n t e r n a l  performance pena l ty  shown i n  f i g u r e  20 resul ts  from t u r n i n g  
t h e  r e s u l t a n t  f o r c e  vector  away from the  body a x i s  ( t h r u s t  being def ined  as 
an a x i a l  f o r c e )  and not  from reduct ions  i n  gross t h r u s t  magnitude (nozz le  

For a vec tor  f l a p  angle  of 20°, losses up 
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o p e r a t i n g  e f f i c i e n c y ) .  Comparison of t h e  r e s u l t a n t  g r o s s  t h r u s t  ra t ios  dur ing  
vec tored  operation wi th  t h e  unvectored i n t e r n a l  t h r u s t  r a t io  ( f i g .  7) f o r  each 
wedge nozz le  Conf igu ra t ion  i n d i c a t e s  t h a t  t h e  maximum g r o s s  t h r u s t  loss mea- 
su red  w a s  4 percen t .  (Compare par ts  (a) and (d) of f i g .  7 a t  pt,j/pw = 4.0.) 
For c o n f i g u r a t i o n s  W3 and W4, g r o s s  t h r u s t  losses due to  v e c t o r i n g  were gener- 
a l l y  less t h a n  2 p e r c e n t  of  F i r  which is t h e  c r i t e r i o n  of r e f e r e n c e  7 f o r  
being a c c e p t a b l e  performance. 

F igu re  21 p r e s e n t s  t h e  e f f e c t  of ex terna l -expans ion  ra t io  on i n t e r n a l  
performance of vec tored  t h r u s t  wedge nozz les  u t i l i z i n g  a vec tor  f l a p .  A t  
Pt,j/p, > 3.0, larger i n t e r n a l  performance losses are i n c u r r e d  wi th  t h e  high- 
e x t e r  na 1-expans i on-r a t i o c o n f i g u r a t i o n  than  w i  t h t h e  low-exter na 1-expa ns i on- 
ra t io  c o n f i g u r a t i o n ,  probably  because t h e  low-external-expansion-ratio conf ig- 
u r a t i o n  operates closer to its des ign  nozz le  pressure ratio. Examination of 
f i g u r e  7 shows t h a t  t h e  high-expansion-ratio nozzle (Wl) has h igher  r e s u l t a n t  
g r o s s  t h r u s t  losses dur ing  vec to red  o p e r a t i o n  than  t h e  low-expansion-ratio noz- 
z l e  (W3), as  i n d i c a t e d  p rev ious ly .  

The e f f e c t  of s i d e w a l l  l e n g t h  on t h e  i n t e r n a l  performance of vec tored  f l a p  
wedge nozz les  is shown i n  f i g u r e  22. I n  g e n e r a l ,  s i d e w a l l  l e n g t h  had l i t t l e  
e f f e c t  on e i t h e r  t h e  unvectored or vec tored  nozz le  i n t e r n a l  performance. Fig- 
u r e  23 p r e s e n t s  t h e  e f f e c t  of vec to r  f l a p  l o c a t i o n  on t h e  i n t e r n a l  performance 
of vec tored  f l a p  wedge nozz les .  A t  v a l u e s  of pt,j/p, < 7.0, which a r e  repre- 
s e n t a t i v e  of typical t u r b o f a n  engines  a t  subson ic  Mach numbers, a forward vec- 
tor f l a p  l o c a t i o n  improved i n t e r n a l  performance dur ing  vec tored  t h r u s t  opera- 
t i o n .  I t  should  be noted however t h a t  because t h e  wedge s u r f a c e  was curved, 
geometr ic  vec tor  a n g l e  6, decreased  as t h e  vec tor  f l a p  moved forward. Thus, 
it was expec ted  t h a t  t h e  forward vec tor  f l a p  l o c a t i o n  (6, = 3.5O) would produce 
lower performance losses ( g r o s s  t h r u s t  vec tor  closer to body a x i s )  t han  the  a f t  
vec tor  f l a p  l o c a t i o n  (6, = 50). 

A comparison of  vec tored  wedge nozz le  performance us ing  two d i f f e r e n t  vec- 
t o r i n g  schemes f o r  6, = 20° is p resen ted  i n  f i g u r e  24. A s  shown, both  vec to r  
schemes produce l a r g e  losses (4 to 7 p e r c e n t )  i n  i n t e r n a l  t h r u s t  r a t io  dur ing  
vec tored  (6, = 20°) o p e r a t i o n .  The vec tor  f l ap  scheme appears to  be h i g h l y  
compe t i t i ve  wi th  t h e  gimbal vec to r  scheme f o r  
should  be e x e r c i s e d  when us ing  t h e s e  d a t a  s i n c e  t h e  measured r e s u l t a n t  t h r u s t  
vec tor  ang le s  f o r  t h e s e  t w o  schemes ( f i g .  l O ( f ) )  were s i g n i f i c a n t l y  d i f f e r e n t  
f o r  t h e  same geometr ic  vec to r  angle .  A b e t t e r  measure of v e c t o r i n g  scheme 
merit f o r  t h i s  case would be r e s u l t a n t  g r o s s  t h r u s t .  (See f i g s .  7 ( n )  
and 7 ( 0 )  .) For convenience,  performance parameters  for t h e  vec tor  f l a p ,  
gimbal, and unvectored nozz le s  are g iven  i n  t a b l e  I1 f o r  s e v e r a l  nozz le  
p r e s s u r e  ratios. The [ l  - cos (6 , ta t iC)]  term i n d i c a t e s  t h e  loss i n  i n t e r n a l  
t h r u s t  ratio F/Fi which r e s u l t s  from t u r n i n g  t h e  gross t h r u s t  vec tor  away 
from t h e  a x i a l  d i r e c t i o n  an amount e q u a l  to t h e  measured r e s u l t a n t  t h r u s t  vec- 
tor a n g l e  g s t a t i c .  For 6, = 20°, t h e  measured r e s u l t a n t  t h r u s t  vec to r  ang le  
f o r  t h e  vec to r  f l a p  c o n f i g u r a t i o n  was approximately 14O as compared w i t h  
approximate ly  20° f o r  t h e  gimbal c o n f i g u r a t i o n .  As d i scussed  p r e v i o u s l y ,  t h e  
gimbal vec to r  scheme is a much more e f f i c i e n t  f low-turning device  t h a n  t h e  vec- 
tor f l a p  scheme f o r  vec to r  ang le s  g r e a t e r  than  5O. However, because of t h e  
larger r e s u l t a n t  t h r u s t  vec to r  ang le s ,  t h e  loss i n  i n t e r n a l  t h r u s t  r a t io  F/Fi 
r e s u l t i n g  from t u r n i n g  t h e  gross t h r u s t  vec tor  away from t h e  a x i a l  d i r e c t i o n  is 

pt,j/pw < 6.0. However, care 
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TABLE 11.- PERFORMANCE COMPARISONS OF VECTORED AND UNVECTORED WEDGE NOZZLES 

. .  

20.4 

0.063 

0.915 

0.973 

Vector scheme . . . . . 

13.9 

0.029 

0.923 

0.951 

pt,j/p,. . . . . . . . 
15.3 

0.036 

0.913 

0.952 

C o n f i g u r a t i o n  
w4 

~ 

-0.6 -0.8 

0 0 

0.909 0.959 

0.909 0.959 

-0.8 

0 

0.968 

0.968 

C o n f i g u r a t i o n  
w4 (V20) 

2.0 

14.5 

0.032 

0.843 

0.874 

C o n f i g u r a t i o n  

2.0 

!O. 4 

0.063 

0.848 

0.905 

W4 (G20) 

G i m b a l  

4.0 

20.2 

0.062 

0.901 

0.961 

approximately double f o r  t h e  gimbal conf igu ra t ion  as  compared wi th  t h a t  of  t h e  
vec tor  f l a p  conf igu ra t ion  ( 6  pe rcen t  as compared wi th  3 p e r c e n t ) .  Comparing 
t h e  r e s u l t a n t  g r o s s  t h r u s t  ra t ios  Fr/Fi f o r  t h e  gimbal vec tor ing  configura-  
t i o n  with t h e  unvectored b a s e l i n e  conf igu ra t ion  i n d i c a t e s  t h a t  t h e  t o t a l  i n t e r -  
n a l  t h r u s t  ra t io  loss f o r  t h e  gimbal vec to r ing  scheme resu l t s  from t h e  g r o s s  
t h r u s t  vector  d i r e c t i o n  as opposed to  a loss i n  g ross  t h r u s t  (or nozz le  e f f i -  
c i ency) .  These d a t a  i n d i c a t e  t h a t  t h e  gimbal scheme is a very e f f i c i e n t  vec- 
t o r i n g  scheme i n  terms o f  flaw-turning c a p a b i l i t y  and nozz le  e f f i c i e n c y .  It  
should be noted, however, t h a t  t h e s e  d a t a  are f o r  s t a t i c  (wind-off) c o n d i t i o n s  
and t h e  gimbal vec to r ing  scheme may have a l a r g e  d e t r i m e n t a l  e f f e c t  on a i r c r a f t  
aerodynamics during wind-on opera t ion .  (See r e f .  25. ) Comparison of t h e  
r e s u l t a n t  g r o s s  t h r u s t  r a t i o s  Fr/Fi fo r  t h e  vector  f l a p  conf igu ra t ion  wi th  
t h e  unvectored b a s e l i n e  conf igu ra t ion  i n d i c a t e s  a loss of  g r o s s  t h r u s t  (nozz le  
e f f i c i e n c y )  o f  about  1 to  3.5 percent  f o r  t h e  vec tor  f l a p  scheme a t  6, = 20°. 
Based on t h e  performance c r i t e r i o n  of r e f e r e n c e  7 f o r  flow-turning losses and 
t h e  i n e f f i c i e n t  f law-turning c a p a b i l i t y  fo r  
scheme appears to be a v i a b l e  design op t ion  only  f o r  a p p l i c a t i o n s  with small 
(6, < IOo) vec to r ing  requirements .  

6, > 5O, t he  simple f l a p  vec to r ing  

CONCLUSIONS 

An i n v e s t i g a t i o n  has  been conducted a t  s ta t ic  cond i t ions  (Mach number 
equal to zero)  i n  t h e  static-test f a c i l i t y  of  t h e  Langley 16-foot t r a n s o n i c  
tunnel .  The e f f e c t  of  s e v e r a l  geometr ic  parameters on t h e  i n t e r n a l  per for -  
mance of t h r e e  nonaxisymmetric nozzle  concepts  was inves t iga t ed .  The t h r e e  
nonaxisymmetric nozz le  concepts  i nves t iga t ed  were convergent-divergent,  s ing le -  
ramp expansion, and wedge nozzles.  Two d i f f e r e n t  t h rus t -vec to r ing  schemes were 
i n v e s t i g a t e d  wi th  t h e  wedge nozzle.  The nozz le  pressure r a t io  w a s  va r i ed  up to  
approximately 10. Resu l t s  from t h i s  s tudy  i n d i c a t e  t h e  fo l lowing  conclus ions  
f o r  each nonaxisymmetric nozz le  type. 

1 4  



Nonaxisymmetric Convergent-Divergent Nozzles 

1. Nozzle expansion ratio is t h e  predominant des ign  parameter a f f e c t i n g  
nonaxisymmetric convergent-divergent  (2-D C-D) nozz le  i n t e r n a l  performance. 
A s  wi th  convent iona l  round nozz les ,  peak i n t e r n a l  performance occurs  near 
t h e  nozz le  p re s su re  ra t io  requ i r ed  f o r  f u l l y  expanded exhaust  f low.  Peak 
i n t e r n a l  performance w a s  almost i d e n t i c a l  to t h a t  expected f o r  convent ional  
round nozzles .  

2. Divergent  f l a p  l e n g t h  and f l a p  divergence angle  had only minor e f f e c t s  
on 2-D C-D nozz le  i n t e r n a l  performance. 

3. Cut t ing  t h e  2-D C-D nozzle  s idewa l l  back to approximately 50 pe rcen t  of 
t h e  d ive rgen t  f l a p  l e n g t h  or vent ing  ( s l o t t i n g )  t h e  f u l l  l eng th  s idewa l l  had 
l i t t l e  e f f e c t  on nozzle  performance. Cu t t ing  t h e  s idewa l l  back approximately 
75 percen t  r e s u l t e d  i n  on ly  a l -percent  reduct ion  i n  i n t e r n a l  performance. 

4. A t  nozzle  p r e s s u r e  ra t ios  typical of take-off and landing  speeds,  
s e v e r a l  of t he  2-D C-D nozz le  conf igu ra t ions  ( g e n e r a l l y  those  with t h e  higher 
expansion ratios) e x h i b i t e d  l a r g e  unpredic tab le  v a r i a t i o n s  i n  measured r e s u l -  
t a n t  t h r u s t  vector  angle.  These v a r i a t i o n s ,  which c o u l d  cause severe  c o n t r o l  
problems a t  low speeds, were caused by unsymmetrical i n t e r n a l  flow s e p a r a t i o n  
from t h e  d ive rgen t  f l aps  and tended to  become l a r g e r  i n  magnitude wi th  increas-  
i ng  divergence angle  and f l a p  length .  T h i s  problem w a s  no t  as severe  for noz- 
z l e s  having lower expansion ra t ios  typical of landing  and take-off condi t ions .  
I n  add i t ion ,  c u t t i n g  t h e  nozz le  s idewal l  back or vent ing  t h e  s idewal l  s i g n i f i -  
c a n t l y  reduced t h e  magnitude o f  t h e  r e s u l t a n t  t h r u s t  vector  angle  v a r i a t i o n .  

Single-Ramp Expansion Nozzles 

1. Reducing sidewall area (containment) on t h e  single-ramp expansion noz- 
z l e s  g e n e r a l l y  had a n e g l i g i b l e  effect on nozzle  i n t e r n a l  performance. 

2. Although t h e  single-ramp expansion nozz les  were designed f o r  no t h r u s t  
vec to r ing ,  they e x h i b i t e d  l a r g e  nonl inear  v a r i a t i o n s  of r e s u l t a n t  t h r u s t  vec tor  
a n g l e  wi th  inc reas ing  nozz le  pressure r a t i o  because of  t h e  changing exhaust-  
f law wave p a t t e r n s .  These v a r i a t i o n s  were reduced somewhat by reducing t h e  
amount of  s idewa l l  containment area, bu t  a v a r i a b l e  expansion ramp would be 
r equ i r ed  to completely cance l  r e s u l t a n t  t h r u s t  vec tor  angles  a t  a l l  condi t ions .  

Wedge Nozzles 

1. A gimbal vec tor  scheme proved to be a very e f f i c i e n t  t h rus t -vec to r ing  
dev ice  a t  s ta t ic  (wind-off) c o n d i t i o n s  f o r  t h e  wedge nozzles.  This  vec tor ing  
scheme g e n e r a l l y  provided measured r e s u l t a n t  t h r u s t  vec tor  angles  e q u a l  to t h e  
des ign  geometr ic  vec tor  ang le  over t h e  en t i re  nozz le  p re s su re  r a t i o  range 
t e s t e d  with no loss i n  nozz le  r e s u l t a n t  gross t h r u s t  ratio.  However, t h i s  
vec tor  scheme may have a large d e t r i m e n t a l  effect on a i r c r a f t  aerodynamics 
during wind-on opera t ion .  

1 5  



2. The vector flap scheme produced nozzle performance (resultant gross 
thrust ratio) losses of up to 3.5 percent during vectored operation. I n  addi- 
tion, flow-turning capabilities decreased significantly w i t h  increasing geomet- 
r i c  vector flap angle. These deficiencies w i l l  probably l i m i t  application of 
the vector flap scheme to applications w i t h  small vectoring requirements. 

Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
May 11, 1979 
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APPEND1 X 

INTERNAI; STATIC-PRESSURE DATA 

I n t e r n a l  s t a t i c - p r e s s u r e  d i s t r i b u t i o n s  were measured on t h e  nozz le  f l a p s  
and s i d e w a l l s  f o r  m o s t  of t h e  c o n f i g u r a t i o n s  i n v e s t i g a t e d .  Wedge s t a t i c  pres- 
sures were also measured on m o s t  o f  t h e  wedge nozz les .  I n t e r n a l  static-pressure 
o r i f i c e  Loca t ions  are showm i n  f i g u r e s  25, 26, and 27 f n r  t h e  nonaxisymmetric 
convergent-divergent,  single-ramp expans ion?  and wedge nozz le s ,  r e s p e c t i v e l y .  
I n t e r n a l  s t a t i c - p r e s s u r e  data are p r e s e n t e d  i n  t a b l e s  111, IV,  and V for t h e  
nonaxisymmetric convergent -d ivergent ,  single-ramp expansion, and wedge nozz le s ,  
r e s p e c t i v e l y .  D a t a  are p r e s e n t e d  as ratios of  local s ta t ic  pressure to t h e  j e t  
t o t a l  p r e s s u r e  p/pt , j  
r a t io  P t ,  j/Pm* 

a t  each o r i f i c e  l o c a t i o n  over a range of nozz le  pressure 

17 



111111111 11111 111 

Pt,j/Pm 

I I I 111 I 1111 I 

4 Sidewall s t a t i c  pressure, P / P ~ , ~  . 
4 Row 3 7- R;iX: 7 Row 5 + 

xrx, X I  xt 

0.791 1.011 1.286 1.560 1.890 1.286 1.560 1.890 1.560 1.890 

TABLE 111.- COMPUTER PRINTOUT OF RATIO OF INTEmAL STATIC PRESSURE TO JET 

TOTAL PRESSURE FOR NONAXISYMMETRIC CONVERGENT-DIVERGENT NOZZLES 

P o i n t  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
I8 

Point 

- 1  
2 
3 
4 
5 
6 
7 
8 
Y 

10 
11 
12 
1 3  
14 
15 
16 
17 
18 

(a) Configuration C1 --- Flap s t a t i c  pressure, P / P ~ , ~  

I-" 1' 
Z . r l . 4  .7v5 
2 . 2 5 7  .794 
2.518 . 7 9 4  
2.9t7 .794 
3.52b . ? 9 S  
4 .114  . f 9 4  
t.144 .743 
8 . 2 5 3  . / S I ,  
LI.7Z.6 .79+ 
8 . i i 9  .794 
6.134 .754 
4.665 .74: 
2 . 9 7 2  .795  
2.l202 .797 
I.bC1 I . L ) C Z  

1.011 

.r9s 
- 4 1 3  
.412 
a413 
.414 
. 4 1 :  
- 4 1 5  
. 4 l Y  
.4l' 
-414 
.+I3 
.412 
e413 
.414 
.41; 
- 4 1 6  
a415 

1.OL1 

x/xt 

1.286 

1.JUO 
. 4 b 4  
. 4 L C  
- 4 0 4  
.4u4 
. 4 u 4  . 4 L 3  
- 4 0 3  
.4bZ 
. 4 0 2  
. 4 G 2  
.402 
e 4 0 2  
. 4 L 2  
.4 0 2  
. 4 0 3  
. 4 c 3  
. i r e  

1.560 

A .OLIO 
.397 
. 3 3 9  
- 3 Y H  
.3Y7 
.397 
.396 
.395  
.395 
. 3 9 5  
. 3 9 5  
a 3 9 6  
.345 
.395 
.395 
. 3 9 7  
. 3 9 8  
. 3 4 9  

- - Raw 2 

xlx ,  

1.286 

. 9 9 E  

.417 

.415 

.415 

. 4 1 P  
- 4 1 9  
. 4 1 @  
.41 I) 
.417 
.415 
,414 
.413 
.414 
. 4 1 5  
. 4 1 6  
.+I7 
. 4 1 5  
. 9 9 G  

1.560 

. 2.59 

. 5 9 5  

.393 
-342 
.343 
~ 3 9 2  
.34L 
.3qc 
. 3 8 9  
. 3 t 7  
- 3 8 6  
. 3 e 5  
, 3 6 >  
. 3 b 6  
. 3 @ 8  
.34u  

.999 

.3SZ 

1.890 

._ i .O- 
.636 
.50t 
.359 
.35a 
.3>9 
? 3 2 1  
. 3 f  7 
.35h 
. 3 : 4  
,353 
.3:7 
-32 ? 
. 3 5 4  
. 3 5 5  
.3>7 
.357 
. 9 9 P  

i.oc1 
1 . f i b  
1.7>3 
L . G C 4  
2 . 2 5 7  
2 . 5 1 6  
2 . 9 t 7  
3 . 2 2 8  
4.114 
6.144 
6 . 2 4 3  
5.7?6 
C .  2 2 9  
6 . 1 3 4  
4 . c r 5  
2 . 9 i z  
2 . J C 2  
1.001 

. . -  
. 1.~031 

. 797  
- 7 9 6  
-796 
.797 
..796 
.796 
.79t .  
.794 
. 7 9 4  
.794 
,795 
. 7 9 6  
.797 
.79R 
.798 

.r(on 

1 .O@O 

1.003 . 
.SFS 
.5P4 
. 5 c 3  
.5P1 
. 5 P 1  
. 5  79 
. 5  7e 
.576 
.577 
. 5  77 
. 5 7 4  
.577 
.576 
a575 
-576 
. 5 7 P  
.993 

. 9 9 8  

.435 

.437 

.437 
- 4 3 0  
.435 
..435. 
. 4 3 3  
.432 
. 4 7 1  
.431 
.431 
.431 
.432 
. 4 3 ?  
.435 
. 4 1 P  
.99q 

.949 

. 4 i l  

.399 

. 4 C C  

.399 

.39b 

.397 

.397 
,396 
.394 
. 3 Y 3  
-392 

. 3 9 4  

. 3 9 c  

. 3 9 7  

. 3 9 9  

.9r.p 

,333 

.99' 

. 6 3 0  

.512 . ? K P  

.357 

.357 

.356 
* 355 
,354 
.?F3 
.351 
.350 
. ? 5 1  
- 3 5 2  
.359 
.355 
.354 
. 9 9 Q  

1.013 
. 4  50 
,445 
. 4 4 7  
.442  
- 4 4 0  
. 4 3 6  
.428 
.42h 
.4?4 
.473 
. 4 2 2  
.422 
.423 
. 4 ? 5  
.427 
,426 
. 9 ? 4  

. ~ 9 n  

. 4 2 0  

. > a 6  

. 3 b 5  

.384 

.3t3 

.382 
,381 
.3bJ 
. 3 7 d  
.377 
.377 
.377 
-37b 
.38C 
. 3 8 2  
.3t5 
. 9 9 4  

.997 . 9qs  . 9 9 =  

. 6 3 2  .471 . t 2 5  

.500 .419  .515 . 4 0 9  .4Ol .448 
- 3 6 3  .390 . 4 0 h  
.35Y . a s 5  .3@3 
.357 .179 .351 
- 3 5 6  .375 -32,' 
.355 .a73 .303 
,352 . 371  ,270 
.35 I .? ' t  . 2 t 5  
.350 . a 7 1  .7C8 
.351 .371 .zts 
. 3 5 2  .772 .17t 
.354 .'?! .909 
.357 .34Q . ? 5 1  
.4 10 . 4 n 7  . 4 4 P  
. 9 9 9  I . r ) O l  1.00c 
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APPENDIX 

Point ~ , , ~ f p ,  
- 

TABLE 111.- Continued 

X I X t  

0.791 1.011 1.286 1.560 1.890 0.791 1.011 

5.999 
8 . O C b  
9.568 
0 &3 6- 
5.969 
3.473 
2 . 9 5 4  
l.q&n 
.999 

._ 

. .  

-. 

1 

1.ObO 
. 4 9 0  
. 4 G 5  
-405 
.40> 
.405 
.404 
. C G 4  
. + o s  . 4 0 3  
- 4 0 3  
,403 
. 4 C 3  
.CGQ 
- 4 0 3  
.404 
. 4 b 4  

1.000 

1 .ooo 
- 6 4 3  
. G O O  
.400 
. 3 9 9  
.399 
.398  
.397 
.397 
.397 
,396 
.398 
. 3 9 8  
-390 
.397 
%399 
.400 

1.000 

- 1.001- 
.419 -. 419 
.42_0 
. 4 2 1  
rit21. -. 4 L9- . 4 1 9  
.418  
. 4 1 R  
.417 
. 4 1 ?  
-411 
. 4 l @  
e.41-9 
. 419  
. 420  

1 . 0 0 1 .  

t , j l  

<-. Sidewal l  s tat ic  pressure, p/p 

P Row 3 

X l X ,  

0.791 1.011 1.286 1.560 

2 .  OK0 
2 .221  
2 . 4 e a  

.. ... 2.957 
3.472 
3 . 9 t 6  
5.959 
L 1 q O G 8  

.. 9.588 
-_ 8.036_ - 
5.969 

. .  3.973 
2.954 
i.9t-a 
.959 

. 5 8 4  
- 5 0 3  

. 5 P 1  
- 5  01.  

- 5 0 0  

e 5 8 0  

.579  
- 5 7 8  
. 5 7 9  
.581  
- 9 9 6  

. 5 e 2  

. 5 e o  

. 5 m  

. 5  e.0 

Row 4 

x l x ,  

1.286 1.560 

1,oco 1.000 
.C3h - 6 4 9  
- 4 3 6  - 5 2 4  
- 4 3 6  . 4 3 3  
. 5 3 9  ~ 4 0 1  
. 4 3 9  . 3 9 4  
e 4 3 8  . 3 8 8  
. 4 3 7  , 3 8 7  
.437 .385 
. 4 3 5  - 3 8 3  
~ 4 3 3  .302  
.!I32 - 3 8 2  
. 4 3 4  - , 3 8 2  
. 4 3 5  . 3 8 3  
- 4 3 7  . 3 8 4  
, 4 3 7  . ~ P E  
4 3 6  . 439 

1.0QO 1 .000  

1.560 i 
1.001 

e 6 6 3  

+ R o w  5 

. 537  

. 4 0 0  
- 4 3 8  
. 4 6 l  
. 3 4 2  
- 2 9 3  
. 2 5 8  
- 2 0 5  
. zon  
- 2 2 3  

. . 2 2 3  
. 2 2 4  
- 2 6 9  
- 3 4 5  
. + a 1  

1 . 0 0 1  

X l X ,  

1.286 

1.000 
- 5 2 8  
. 421  
- 4 2 3  
. 4 2 4  
. 4 2 4  
-422. 
. 4 2 2  
. 4 2 1  
. & E O  
. 4 1 8  
. 4 1 7  
,418 
- 4 1 9  
.420  
.421. 
.+PO 

1 . 0 0 0  

1.890 . .- 
1.560 

.+62 ,501.  

.39> - .S96. 

. 3 9 3  .399 
- 3 9 6  ..w . 
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TAE&T3 111.- Continued 

Paint 

1 
z 
3 
4 
5 
6 
7 
0 
9 

1 0  
11 
12 
1 3. 
1 4  
15  
1 6  
1 7  

I 1 8  

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

1 4  
15 

. 1 6  
1 7  
18 

-. 

. 1 3  

Pt,jlP, 

1.OCU 
1 . 4 t 4  
1.73b 
1.976 
2 . 2 2 7  
L . 4 8 6  
2.93V 
3.470 
3.953 
5.956 
8.014 
9.b42 
6.029 
6. UC0 
3.95Y 
Z.’r?4 
1.9t4 
1.ocu 

Pt,jlPm 

1.bC0 
i . 4 b 4  
1.736 
1.971 
2.227 
L a k t 6  

3.476 
3.953 
5.956 
b . L i 4  
9. t4Z 
8.029 
6.0C0 
3.95Y 
2.924 
1 . Y 6 4  
1.0LU 

,2.939 

(c) Configuration C3 

P’pt, j Flap s t a t i c  pressures, 

r R O W I T  

0.791 

. 9 p 7  
.L(Gd 

I 
. 6 L i  
.799 
.799 
. 7 y g  
.798 
../!I7 
.797. 
.797 
.ucu  
.8PC . 792 
.79Y 
.?99 
. 7 9 9  . 
.749 . 4 1 t  - 4 G 4  - 4 6 1  

.. . .Y99 1.002 .999 -- :.001 

1.011 

- .  .999 
- 5 2 5  
. k l k  
- 4 1 5  
- 4 1 6  
- 4 1 7  
- 4 1 7  
- 4 1 7  
- 4 1 6  
.41 f  
e415 
.416 
.4J -5 
- 4 1 6  
-417 
.417 

XIX, 

1.286 

1.001 
- 6 4 9  
- 4 b 6  
. 4 0 6  
- 4 0 b  
- 4 0 5  
- 4 0 4  
- 4 0 4  
- 4 0 3  
. 4 u 3  
- 4 0 4  

k C 4  
a 4 0 3  
. 4 L 3  
- 4 0 2  
. 4 0 3  

1.560 

.999 
.66> 
. 5 9 7  
. 4 0 0  
, 3 9 9  
.COO 
.399 
,397 
.3Y7 
.397 
.399 
.400 
.399 
.398 
. 3 9 0  . 400 

Sidewall s t a t i c  pressures, p/pt . 

- .pK?_ 1.002 
. .  . 3 1 3 .  - 6 6 3  

. 8 0 1  . 5 0 t  . .  

. R O O  .505 

. 7 9 8  - 5 0 4  
,798 .5P3 

.5H1 
. . 7 9 9  .5P1 

- . 7 9  9 .5P l  
- .. .794  PO 
. , 797  . 5 e i  
. .799 .5 02 
_ -  _.7PP. .581  

. .790. ,560 
. .ao? .57Q 

.~ .90_3 .5a0 
. . R O 5  .5P3 

1.091 . 9 9 P  

.. .. - .. 7 9 8  

1.890 

1.QOO 
- 6 7 2  
. 5 S ?  
. 5 4 4  
.412 
.34L 
. 3 4 7  
. 1 4 7  

- 3 4 8  
. 3 4 P  
.349 
. a 4 9  
2 4 9  
. 3 1 9  
. ‘4? 
. e 4 5  

, 3 4 7  

!.no0 

1.011 

.999 
.54R 
e 4 1 8  
- 4 1 9  
. 4 2 0  . 4 2 1  
.419 
.41n 
. & l a  
.417 
- 4 1 7  
. 4 1 9  
.417 
- 4 1 8  
. 4 1 9  
.419 
. 4 7 n  

1.001 

. c 

. Row 2 

x/xt 

1.286 

1.001 
.hCt 
-556 
- 4 6 4  
.422 
. 4 1 E  
.411 
- 4 1 1  
.411 
.410  
.+IC 
.410 . k C Q  
- 4 1 0  
.410  
.410 
.4+0 
,999 

1.560 

.YSd 
- 6 7 6  
.562 
.5c3  
.440 
.3v7 
. 3 3 0  
..?e7 
.251  
.1t9 
. l e u  
.18b 
. I t a  
.itY 
- 2 5 2  
- 3 4 1  
.203 

1.JCI)  

1.890 

1.000 
- 6 7 7  
- 5 b 3  
e514 
. 4 4 7  
.399 
.- . 5  3 0  
.E87 
.25+ 
.1>5 
.129 
.12P 
.129.  
.135 
. 2 5 4  
. 3 4 1  
.513  

1.uu1 

20 
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TABLE 111.- Continued 

P o i n t  

1 
2 
3 
4 
5 
6 
7 
8 
? 

10 
11 
1 2  
1 3  
14 

.. 

- 

1 5  
1 6  
1 7  

. - l 8  
.- 1 9  
2 0  

P o i n t  

1 
2 
3 
4 
5 
6 
7 
0 
9 

1 0  

12  

14 
1 5  

1 7  
1 8  

-. 

~- 

11 

. 1 3  

1.6 

. 19. 
20 

Pt,jlP, 

l . b i 2  
I.4b+ 
1.73R 
1 .997  
2.440 
3.bb3 
3,507 

5. Otu 
6.153 
6.270 
9.150 

3.153 
8.234 
b . l L 8  
4.004 
2 . 9 t 7  
1_.993 
1.000 

4 . o i n  

7.5?< 

PL, j /P -  

1 . U U 2  
l.kt4 
1 e 738 
*.Y$7 
2 . 4 5 8  
3.003 
3.5L-i 
4.010 
5 . C t U  
6.153 
8 . 2 7 6  
9 . 1 5 U  

Y.153 
0 . 2 3 4  
b. lC8 
4.bC4 
2.Yt7 
1 . 9 9 3  
1. ULO 

9.552 

0.791 

- 9 9 6  
. 7 t 9  
.7P 7 
. 7 8 7  
.7C 7 
. 7 t b  
-766 
. 7 6 0  
.7Ch 
- 7 C  6 
. 7 t 8  
.7CH 
.7Eo 
.7Ca 
. 78R 
. 7 b B  
. 7 t  6 
. 7 e q  
..791.. 
1.OCI 

r 

(d)  Configuration C4 

Flap static pressures, > 

Row 1 ~ 

x l x ,  

1.011 

, 997  
- 3 9 1  
- 3 6 1  
.38C 
. 3 d l  
. 3 R C  
. ? 7 9  
.374  
. 3 7 P  

. 3 7 7  

.377  

. 3 7 7  
, 3 7 7  
.378  
.378  

- 3 8 1  

1.003- 

.37e  

. 3 a ~  

. .3n.2 

1.286 1.560 1.890 

. - 9 9 6 .  .9.96 J9R . 
- 5 1 1  .61C .b71 
- 2 7 2  .4>4 . . ..sa8 
-273 .429 . . 4 5 7  
~ 2 7 6  .375  - 3 6 6  
.E76 * 190 . 3 C ?  - 

..278 . . I 9 0  . - ..vi?- 
,277 . 1 9 1  . . 2 2 6  
0 2 7 6  .iYi .11L 
- 2 7 5  -190 .11_5- 
-273 .189 .11> 
. e 7 5  . & e 9  .116.. 
.27x - .  ~ - 1 J Q .  . .1:5 - 
. 2 7 2  .190  . . . I 1 6  
. 2 7 5  - 1 9 0  e l l 6  
.275  . l V O  ~~ . . I91 . 2 2 7  

Row 2 5 

x/xt 

0.791 

.29_b. 

.795 

.792 

. 7 9 5  
- 7 9 6  
.7Y1 
. 7 9 < .  
.7Y3 
.794  
. 7 9 3  
. 7 Y 4  
. 7 9 5  

. ? 7 9.4- . 
. 7 9 4  
.794 
. 7 9 4  
. 7 9 3  
. 7 9 -  
% LK5. - 

1 . 0 0 3  

Sidewall s t a t i c  pressures, PIPt,, 

I -  Row 3 

-. . . a9.9 4 
. R O O  
. 7 9 7  
. 7 9 7  
. 797  
.79b 
. 7 9 7  
.796  
.795 . 7 0  5 
. 7 9 t  
. 7 9 7  

.. ,?Q? 
. 7 5 8  
. 7 4 7  
-. . 798  
. e o 0  
. a 0 1  

. ... . * P I .  
1 . 0 0 0  

1,011 

1 . 0 0 1  
- 6 0 3  
.590  

- 5 8 6  
. 5 F 4  
.5'3 
.5P3 
.5P2 
.5PP 
. 5 8 3  
. 5 8 4  

.584  

. 5 P 3  

. 5 8 2  

. 5 8 1  

.586  

.997 

.58n  

. 5 e 4  

.5ez 

xlxt 

1.286 

. ? V 7  

. 6 u 2  

. 3 9 0  
- 3 2 3  
- 2 6 7  
- 2 6 7  
- 2 6 8  
- 2 6 8  
- 2 6 7  
. 2 6 b  
. 2 6 6  
- 2 6 6  
- 2  66 
- 2  66 
- 2 6 b  
. 2 6 7  
~ 2 6 0  
- 2 6 8  
e 3 1 3  

1 . O U G  

~ 

1.560 

. 9 9 7  

. 6 2 9  

. L 3 2  

. 4 5 R  
-703 
. 1 7 3  
. 1 7 4  
.174  
- 1 7 3  
. I 7 3  
.172 
- 1 7 2  
.172  
- 1 7 2  
- 1 7 2  
.174  
- 1 7 5  
.175  
. 4 5 8  
.001 

1.890 

. ._ - 
.PR?. 
. 6 3 1  
,530 
. 4 7 1  

1.011 1.286 

.99h  - .9%6 

. 3 8 3  . 5 7 3  

. 3 R 3  . 2 9 0  
, 3 8 4  . , 2 8 8  
. 3 @ 5  - 2 8 5  
. 3 8 4  - 2 5 6  
.3P3  . - * / @ _ e -  
.3P9 - 2 8 5  

.. - _ _  

. 3 R 2  . 2 8 4 .  

. 3 e z  ..2 8 4 

. 3 8 3  , 2 8 4  

.307 .2a< 

. 3 P 4  .2114.. 
.2R4 

Row 4 A 

x l x ,  

1.286 

, 9 9 7  
.62C 
- 5 2 1  
. 3 7 c  
, 2 7 2  

- 2  7.1 
.P70 
, 2 6 9  
- 2 6 7  

1.560 1.890 

.967 -49.L 

. 6 ? 5  - 6 2 6  .. 

. 5 3 1  _ _  .5 22 

. 4 5 1  _ _  . 4 6 Q .  

.234 . G O O  .. 

.1R5 1 3 0 2  

. 1 8 4 . . .  - .25_C._ 

.185  . ~ - 1 4 6  
.134  

1.560 1.890 

.995  . .<qsp. 
- 6 5 2  . 6 b 9  
. 2 5 4  1 5 6 9  
.462  . 4.9 5. 
. 3 b 4  . 3 7 P  

~. 

. 1 9 3  . i i R  ~~ .~ 

.194  . lJ_e 
- 1 9 5  .21P 
.195  . 3 0 9  
e 4 6 9  .&ai - 

1 . 0 0 1  ~ ~ 1 . 0 0 0 .  

x l x t  

1.560 1.890 
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Paint 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
-13 
14 
14 
16 
17 
18 

20  
,. 49 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1u 
11 
12 

.. - 13 
1 k  
15 
16 
17 
18 
19 
20 

~ .- 

TABIX 111.- Continued 

(e) Conf igura t ion  C5 

Flap static pressures, pipt . .I 

-._I , I 

.999 
1.4C9 
1.754 
1.995 
2.5L2 
3.0C7 
3.44.) 
4.J24 
5.0t7 
6.117 
e. 220 
9.b47 
9 . 5 5 9  
9 . 1 2 2  
8.220 
6.133 
4.0bG 
2.’rCb 
1.953 
i. ucz 

P t , j k  

,949 
1.459 
1.754 
1.945 
2.5LZ 

I 
.Y9?.  
.76Y 
.788 
.?E6 
.787 

. . 7 t 7  
. . - . - 7 b 7  . ._ . 

.7e 7 

-1 ,.oo_o . 
.381 
.381 

- .381. 
_ _  .381 
.- e340 

J90 
. 3 7 9  
.37f 
,378 
-377 
.377 
.377  
.377 
.377 
.37b 
,379 
. 3 d l  
-392. 

1.OGO 

. 
-. 1 . 0 0 0  . - ..! s m  . . 
-515 .e19 

- .2i2 . 4-62 
.274. * 43g 
.Z7b - 3 b P  
..257 -190_. _ _  .27d _ _  .. ..1?1-. 
.278 .191 
..2 7 6 .191 
- 2 7 6  . *pa 
.275 . ~ 1 9 0 -  

. .  ,275 . 19.0 
- .272 -. .190 

,275 . I W  
.27>- . i y n  
-276 .191.. 
.L77 .l5l 
.277 . lY1 
.274 . 4 L l .  . .. 
.949 1.000 

~ . . _ 
. - 1.001 . . - . . 

. 6 b 9  

.59G 
e462 
. 3 6 3  
.31? 

.Zi5 
~ .115 _. 
-115 
.115 
.115 

._ -115 . .- 
.115_ 
.116 
.115 
. Z Z ’ )  . 
. 3 L 3  
.462 
.9Y9 

.27!. 

_ _ _ _ _  . 
.38t . .2R7 
.?a5 -. .223.. 
.99P 1.001 

1.560 

.998 
,659 
.557 
.483 
-326 
. 1 9 3  
-153 
.193 
.193 
.193 
.192 
-192 
* 192 
-192 
.193 
.194 
.195 
.195 
- 4 6 7  

1.UGC 

1.890 

1 . O G 5 -  
.67d 
.577 
-512 
. f l Z  
. J 4 5  
.277 
. 2 3 5  
.183- 
.144 
.J95 
.OF& 
. 3 t d  - 
. G E 5  
.bSS 
.144 
.233 
.349 

-940 
.?1.5 

b p  Sidewall static pressures, 
1 Pip,, j 

1 0.791 1.011 
8 -  - 

.99? 1 . 0 0 1  , 

.7?9 .. . 5 9 8  

.797 .5 90 - _  
. .  .796 . 5 R 9  

-798 .5P7 
3.b67 - .-I97 
3.459 . 7 9 8  
4.b24 .797 . ~. 
5 . 0 6 7  _ _  , 795  
6.117 .797 
8 , 2 2 0  .797 
r.u97 _ _  .798 
9 . 5 5 9  .- .79P_ 
s . 1 2 2  _. .J9R 
1 . 2 2 0  .79$ 
6.133 . * 799 
4.ot.u - .R01 
2.958 .PO!  
1.953 . - . a f l 4 -  
1.GC2 1,001 

. 5 ? 6  

.5e5 

.584 

. 5 8 4  

.584 

.5e4 

.5RS 

.5R5 

.5@4 

. 5 P 3  

.5R3 

.5 8 4  

. 5 R 7  

.997 

.5e5 

1.286 

.997 

.5to 

.3t8 

.353 

.E63 

.Ltb 

.2tb 
, 2 6 6  
-265 
-265 
-265 
- 2 6 9  

.265 

.2b5 
- 2 6 6  
-268 
- 2  6 8  
.357 

1.0Ll 

, 2 6 9  

.997 .49P 

.533 . 5 1 7  
,474 .404 
.377 . 2 7 4  

. 6 z a  -612 

-307 . .275 
a172 -2L3 
a172 .27L 
,172 .273 
.172 .E73 
,171 .272 
.17u .272 
.170 . . ..- .272 
.171 . 275  
-171 .272 
.173 - 2 7 3  
,173 .27t 
. ? I 0  .277 
.47b .409 

1.001 . 1.~02 

Row 2 . 

1.560 I I 
. w 7  i .nnq 
.*11 .617 
.515 -51 h 
.470 .471 
.375 .375 
,255 .?53 
.I89 .I95 
. 1 8 R  .IO2 
.1A7 . I 9 9  
.1P7 .I59 
. I 8 6  ,194 
. 1P6  . l e 9  
.IO6 .149 
.let .1’Q 
. 1P6  .I47 
.ine . l a 0  
. 1 P Q  .192 
.2El .755 
.47f . 4 7 7  

1..floz .99 7 
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P o i n t  

1 
2 
3 
4 
> 
6 
? 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
ZU 

Po in t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
1 4  
1 5  
16 
1 7  
1 U  
19 
20  

Pt, j 1% 

1.LLO 
l . k t 4  
1.719 
1.97h 
2.4b7 
i . 4 r 9  
3.516 
4.013 
f . r t 4  
b.b4b 
U . C Y 4  
8.994 
P.4L7  
P . 9 7 3  
R.14L 
6.G35 
4.011 
2 .971  
1 . 9 i u  
I.C,CU 

Pt,jfP* 

1. LClJ 
1 . 4 t 4  
1.71'4 
1.97b 
2.4t7 
2 . 9 t 9  
3.518 
4 . L r 5  
3.Gt4 
b.C4b 
8.C74 
e.99-i 
9 . 4 2 7  
1 . Y 7 3  
6.142 
t .G35 
4 . L 1 1  
2.971 
1 . 9 7 6  
1. LLU 

APPENDIX 

TABLE 111.- Continued 

0.791 

1 ."Ci . 1 9 2  
.741 
. 7 t o  
.7F8 
.7? 8 
.7c7 
.76M 
. 7 ~ e  
.787 
. 7 t b  . ? I  c 
. 7 r 9  

. 7 r 9  . 7 t b  . 7 q G  

. 7 4 1  

.79? 
i . o c 4  

. 7 ~  a 

(f) Configuration C6 

- 
p'pt,, Flap s t a t i c  pressures. 

ROW I 

x l x e  

1.011 1.286 

.997 I . U G u _  

.3P1 . J33  

. 3 a l  . Z 9 0  

. 3 R 1  .274 
8 3 5 1  - 2 7 7  
. 3 e i  . 2 i 7  
.3b0 .279 
. 3 9 L  . 2 7 a  
.37u .277 
- 3  76 - 2 7 h  
.377 . 2 i 5  
.377 - 2 7 6  
.377  . 2 7 b  
. 377  -276 
.378 - 2 7 5  
.37P . 2 7 b  
. 3 R G  . 277  
. 3 c 1  . 2 7 b  
- 3 h l  .L73 

1 , C O I  . 1. J G J  

1.560 

1.. LJu1 
- 6 2 9  
e 5 3 2  
- 4 2 2  
. 3 5 h  
. l C I  . l V 1  . I V 1  
. I 9 1  
.190  

.193  . i 9 9  

S i d e w a l l  s t a t i c  pressures, j 

- Raw 3 -  t+- 
1.302 1.0PP 

. n o 7  .5F5 
. E O 5  - 5 9 1  
. ~ n 2  . 5 9 0  
.a90 . 5 p p  
.PO0 . 5 6 7  
. 7 9 9  . 5 6 C  
. R O U  . 5 R S  
.BO1 . 5 e 5  
. 7 9 6  . 5 P 5  
.797 .5es 
.797 . 5 f ! 6  

7 9 8  . s e e  
.798  - 5 8 6  
.798 . 5 8 5  
. 7 9 9  . 5 € 4  
.QO? . 5 R 4  
. a 0 3  .585 . fl36 . 5 P 9  
.999 .994 

Row 4 - J  -t 
1.220 I xfxt 1.220 

. 9 9 ~  1.002 
a 6 2  I . h l 8  
.5  32 - 5 2 7  
.449  .4?0 
- 3 2 5  . 9 0 4  
- 3 2 2  . Z P 9  - 32C .E87 
- 3 1 9  .787  
. 3 1 7  .? t i5  
- 3 1 6  . Z P 4  
- 3 1 5  .2@2 
.31>  .282 
- 3 1 5  . E P ?  
. 31>  . E P P  
- 3 1 5  .2F3 
- 3 1 6  . E 6 4  - 3 2 0  .ZRh 

. 453  .4?  1 
1 . G b 3  I . O G 2  

- 3 2 4  .2ee 

1.890 

.999 

. e t 9  
- 6 0 9  
.479 
.377 
. 317  
. ? e 7  
. ? E ?  
.lo1 
- 1 0 6  
. 1 1 3  
. 1 1 5  
. I 1 7  
.116  
.114 
. 1 c 7  
. 7 2 2  
.319 
.48 7 
. 9 9 P  

Row 2 - 

0.791 

.. 
1 . .u.i5 - . R 0 1  . 8UO 

. 8 U l  

.muin 

.751  . 7.9.2 

. 7 9 9  

.794 

.794 

.794 

. 1 9 3  -_ .7Y4 

.7?3 

.794 

.791  

. 7 4 0  

.7b7 

.795 

.9_42- 

1.011 1.286 

_ _  - 
a999 - - - . =IT7 
. ? a 4  . 5 9.5 
. 7 8 4  . 5 5 P  
. ? P 5  . 4 4 4  
. ' ~ n 7  .312 
. 3 8 6  . 2 R 4  
. 3 P 4  %764 
.3p1 .282 
. 3 e 4  . E 8 2  
.3P4 .e!? 
. 3 e 4  . E R I  
. ' E 5  .2PJ 
. 3 P 5  ._29!_ 
,185 . e 9 1  
.?W5 . ~ n i  
. 3 '4  . E 8 2  
. 3 R 5  . z a 3  
. ? R ?  . ? f i b  
- 3 8 6  . .447 

L O O L  1.002 

1.560 

.9?9 

.b74 

.583 

.509 

.317 

. 3 1 j  

. 2 6 D  

.22U 

.161 

.124 

.1J9 

.106 

.109 

.109 
- 1 0 9  
.124  
. 2 z u  
. 3 1 R  
.510 
.999 

1.890 

1.OLLO 
- 6 7 6  
- 5 8 2  
- 5 0 5  
.409 
.3?5 
. 2 @ 3  
.241 
.1?4 
.140 
.1g5 
.090 
. ? e 4  
.091 
.104 
.140 
- 2 4 3  
. 3 4 3  
. 5 G u  - 

l . G ( r 1  
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Point 

1 
2 
3 
4 
5 
6 
7 
0 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 0  
1 9  
20 

Paint 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  

TABLE 111.- Continued 

(9) Configuration C7 

' QfQt,, Flap static pressures 

I_ ~ 

1.011 1.286 1.560 1.890 

1.00U 
1 . 4 6 b  
1 . 7 2 2  
1 . 9 9 4  
2 . 4 6 0  
2 . 9 b 6  
3 . 4 0 3  
3 . 9 9 2  
5 . 0 0 6  
6 . 0 7 6  
8 . 1 0 0  
9 . 0 3 4  
9 . 4 8 0  
9 . 0 2 4  
8 . 1 9 6  
6 . 0 5 9  
3 . 9 9 5  
2 . 9 6 9  
1 . 9 6 9  
1. OCZ 

pt , j 'Q- 
1 . 0 0 0  
1 .4E8 
1 . 7 2 2  
1 . 9 9 5  
2 . 4 6 0  
2 . 9 b b  
3 . 4 6 3  
3 . 9 9 2  
5 . 0 0 6  
6 . 0 7 6  
0 . 1 b 8  
9 . 0 3 4  
9 . 4 6 0  
9 . 0 2 4  
8 . 1 9 6  
6 . 0 5 9  
3 . 9 4 5  
2 . 9 6 9  
1 . 9 t 9  
1 .OL2 

1.002 1.001 
. 7 9 1  - 3 0 1  
. I 8 9  ~ 3 0 1  
. 7 b 9  . 3 8 1  . I88 - 3 0 1  
. 7 8 7  -300 
. 7 8 7  - 3 0 0  
. 7 0 7  .?I79 
, 7 6 7  - 3 7 0  
- 7 8 6  . 3 7 8  
. 7 8 7  . 3  77  
. 7 b 7  , 3 7 7  
, 7 8 7  . 3 7 7  
. 7 8 7  . 3 7 7  
. 7 8 7  . 3 7 7  
. 7 8 7  . 3 7 8  
. ? e 8  , 3 7 9  
. 7 8 8  . 380  
. 7 9 0  , 3 0 1  

1.3CO , 9 9 9  

. 9 9 9  
, 5 1 7  
. 2 7 3  
. 2 7 4  
- 2 7 6  
a277 
- 2 7 8  
e 2 7 8  
. 2 7 6  
- 2 7 6  
a275 
- 2 7 5  
, 2 7 5  
- 2 7 5  
e 2 7 5  
. 2 7 5  
. 2 7 ?  
, 2 7 7  
. 2 7 4  
.999 

. 9 9 9  
- 6 2 7  
. 4 7 3  
.423 
. 3 6 3  
- 1 9 1  
. 1 9 1  
-191 
. 1 9 1  
e 1 9 0  
, 1 9 0  
- 1 9 0  
- 1 9 0  
. 1 9 0  
- 1 9 0  
.1Y1 
- 1 9 1  
e 1 9 1  
- 4 2 3  
. 9 9 9  

1 . 0 0 1  
- 6 7 3  
. 5 9 7  
. 4 6 7  
. 3 8 1  
. 3 2 2  
- 2 7 2  
- 2 2 7  
. I 1 6  
- 1 1 6  
- 1 1 6  
, 1 1 6  
- 1 1 6  
- 1 1 6  
. 1 1 6  
, 1 1 6  
- 2 2 7  
.323 
. 4 7 1  
. 9 9 8  

. Row 2 T- 
O. 791 

1. 0 O h  
- 7 9 8  
. 7 9 7  
.7Y7 
. 7 9 7  
. I 9 3  
. 7 9 4  
. 7 9 4  
. 7 9 4  
. 7 9 4  
. 7 9 4  
. 7 9 4  
. 7 9 4  
. 7 9 3  
. 7 9 4  
. 7 9 3  
e 7 9 2  
~ 7 9 0  
. 7 9 3  
- 9 9 6  

1.011 

1 . 0 0 1  
. 3 8 4  
. 3 8 5  
.3R6 
.3@7 
. 3 8 6  
. 3 8 5  
- 3 0 4  
- 3 0 4  
. 3 8 4  
. 3 8 4  
. 3 8 5  
- 3 0 5  
. 3 8 5  
, 3 8 5  
. 3 0 4  
. 3 0 5  
, 3 8 7  
. 3 8 6  

1.000 

x l x r  

1.286 

. 9 9 9  

. 5 8 9  
~ 4 0 9  
-303 
. Z R R  
~ 2 8 7  
- 2 8 7  
- 2 0 6  
- 2 8 6  
- 2 8 5  
. 2 8 5  
- 2 0 5  
, 2 8 5  
, 2 0 5  
- 2 0 5  
- 2 8 5  
- 2 8 6  
. 2 8 8  
~ 3 0 0  
. 9 9 9  

1.560 

. 9 9 9  
. 6 6 5  
- 5 6 7  
. 4 0 0  
. 3 8 4  
-305 
. 2 5 7  
. 2 1 0  
, 1 7 9  
e 1 7 1  
- 1 6 7  
- 1 6 6  
. 1 6 6  
- 1 6 6  
- 1 6 7  
- 1 7 1  
. 2 1 2  
. 3 0 3  
. 4 8 3  

1 . 0 0 0  

1.890 

1 . 0 0 0  
- 6 6 8  
. 5 7 h  
. 4 9 7  
. 3 9 8  
- 3 3 0  
e 2 8 4  
. e 4 2  
, 1 7 4  
- 1 3 6  
.101 
- 0 9 6  
e094 
~ 0 9 6  
.102 
- 1 3 5  
- 2 4 3  
-332 
e503 
- 9 9 8  

P'Pt,j Sidewall static pressures, I_ t- 
0.791 

1.006 
a006 
,903 
.PO3 

. 7 9 9  

. 7 9 9  

. 7 9 9  

. 7 9 P  

. 7 9 7  

.798 

. 7 9 9  
, 7 9 9  
.799 
, 7 9 9  
. 7 9 9  
- 9 0 1  
, 0 0 1  
,903 
. 9 9 9  

. eo2  

1.011 

1 . 0 0 2  
. 5 9 5  
. 5 9 3  
. 5 9 1  
, 5 8 9  
. 5 8 8  
. 5 e 7  
, 5 8 7  
- 5 8 6  
~ 5 8 6  
. 5 8 7  
. 5 8 7  
e.5 0 7  
. 5 0 7  
.5R7 
. 5 0 b  
- 5 8 6  
. 5 @ 7  
. 5 9 1  
- 9 9 0  

. 7 

- Row 3 > 

1.286 1.560 1.890 

. 9 9 8  

. 5 9 3  

. 3 3 7  
- 2 6 6  
- 2 6 7  
. 268  
- 2 6 8  
. 2 6 8  
- 2 6 8  
- 2 6 7  
, 2 6 7  
~ 2 6 0  
-268 
.268 
, 2 6 0  
- 2  68  
- 2 7 0  
- 2 7 0  
, 2 6 9  

1 . 0 0 1  

. 9 9 8  

.h48 
- 5 5 6  
.449 
.329 
- 1 8 5  
, 1 7 5  
. 1 7 5  
. 1 7 4  
. I 7 4  
. 1 7 2  
, 1 7 2  
- 1 7 1  
- 1 7 2  
- 1 7 2  
. 1 7 4  
- 1 7 4  
- 1 0 6  
- 4 3 6  
. 9 9 9  

1 . 0 0 0  
,662 
, 5 7 2  
. 5 1 4  
. 4 3 3  
. 3 4 9  
e306 
. 2 6 4  
e 1 3 6  
. 1 3 1  
- 1 2 9  
- 1 2 9  
- 1 2 9  
. I t 9  
~ 1 2 9  
- 1 3 1  
, 2 3 9  
,353 
. 5 2 0  
, 9 9 8  

1.286 

~ 9 9 0  
. 5 8 3  
. 4 9 7  
. 3 9 9  
~ 3 5 6  
a 3 1 4  
e 2 7 7  
a 2 6 6  
, 2 6 1  
,262 
,260 
- 2 5 9  
- 2 5 9  
- 2 5 9  
, 2 5 9  
. 2 6 1  
- 2 6 8  
- 3 1 9  
- 4 0 6  

1 . 0 0 0  

- Row 6 -? 

1.560 1.890 

.99P , 9 9 9  
- 6 2 8  - 6 5 1  
. 5 4 1  . 5 5 0  
. 5 5 5  . 4 8 7  
. 3 7 ~  , 3 8 6  
. 3 1 1  . 3 2 4  
a 2 6 0  . 2 7 4  
-231 . 2 3 7  . 1 8 2  . l e 8  
. 1 6 R  - 1 6 3  
- 1 6 1  - 1 2 3  
- 1 6 0  - 1 1 7  
- 1 6 0  , 1 1 5  
. 1 6 0  e 1 1 7  
- 1 6 1  . 1 2 3  
. I 6 8  a 1 6 3  
- 2 3 1  . ? 3 7  
. 3 1 h  e 3 2 5  
. 4 7 1  . 4 9 3  

1.000 . 9 9 9  

24 



APPENDIX 

TABLE 111.- Continued 

(h) Configuration C8 

Poin t  

1 
2 
4 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 C  
1 5  
1 6  

1 8  
19 
20 

i r  

PO i n  t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
15 
1 6  
1 7  
1 8  
1 9  
2 0  

Pt, j'P, 

I.DC0 

1 . 7 2 5  
1 . 9 6 3  
2.486 
2.9k2 
3 . 4 t v  
4.025 
5.034 
6.693 
8.240 
9.068 
9 .471  
9.030 
8.174 
6 .119  
4.015 
2 . 9 0 3  
1.968 
1 . 0 0 1  

1.482 

Pt*j/P- 

1 .ooo 
l . ' l b Z  
1 . 7 2 5  
1 .963  

2.9b2 
3 . 5 8 0  
4.025 
5 .034  
6.093 
8.240 
9.068 
9.471 
9.030 
8.174 
6.119 
4.015 
2 . 9 8 3  
1.961 
1 . 0 0 1  

2 . 4 8 0  

 lap static pressures,  PIP,,^ 3 

ROW 1 

0.791 

-996  
. 7 P 9  
.767 
. ? E 7  
- 7 8 6  
. 7 8 5  
-766 
.7P7 
- 7 8 6  
- 7 8 6  
. 7 1 7  
.7b8  

, 788  
- 7 b 7  
. 7 8 7  . 7 8 d  
. 7 8 0  
. 7 R 9  

1 r O O O  

.7an  

<- 

c -  

0.791 

. 9 9 5  

. e o 1  

. 7 9 9  

.800 

. e 0 0  
~ 7 9 0  
.?99 
.?98 
. 7 9 9  
.?97 
.798  
,799 
.799 
.?99 

.-I99 

.eo2 

. e 3 3  
, 8 0 5  

1 . 0 0 1  

. 790  

1.011 

.998 
-380 
. 3 8 0  
.381 
.380 
, 3 8 0  
.379 
,379 
.3T8 
.377 
. 3 7 7  
.377  
. 3 7 7  
. 3 7 7  
.377  
. 3 7 0  
.379 
.38G 
.380 
. 990  

~ 

x l x t  

1.286 

1.ooc 
. 4 9 3  
, 2 7 2  
.274  
~ 2 7 7  
. 2 7 7  
,278 
. 2 7 8  
, 2 7 6  
- 2 7 5  
, 2 7 5  
. 2 7 >  
, 2 7 5  
. 2 7 5  
. 2 7 5  
.275  
. 2 7 7  
.277 
- 2 7 4  
.999 

. 7 

1.560 

.999 
600 

- 4 3 2  
. 4 2 1  
. 3 7 1  
. 1 9 1  
.191  
. 1 9 1  
.191 
, 1 9 0  
.190  
.1vo 
.I90 

.190  

.191  

.191 

. 1 9 1  

.424 

.999 

. i q n  

1.890 

1.000 
.665  
, 5 8 1  
.465 
. 3 8 4  
,323 
. 2 7 3  
e 2 2 5  
- 1 1 5  
0 1 1 5  
- 1 1 6  
- 1 1 5  
. 1 1 5  
-116 
- 1 1 6  
~ 1 1 6  
- 2 2 5  
. 3 2 3  
~ 4 6 7  
. 9 Y 9  

L 

0.791 

1.002 
.798 
, 7 9 5  
.79R 
.799  
, 7 9 3  
.794 
.793  
.794  
.794  
.794 
.794 
.794  
. 7 9 5  
, 7 9 4  
. 7 9 3  
. 7 9 2  
. 7 9 1  
,793 
.993 

- Sidewall  static pressures. P/P,,~ ~ 

Row 7 

1.011 

1 . 0 0 1  
.593  
.593 
- 5 9 2  
- 5 9 0  
.589  
. 5 8 8  
- 5 6 8  
. 5 e 7  
. 5 8 7  
.5en  
- 5 8 8  

.588  

. 5 @ 7  
a 5 8 6  
.5@6 
, 5 8 8  
.591  
.998 

.58a 

x t x t  

1.286 

.998 

. 5 9 4  
~ 4 2 5  
a 3 2 4  
~ 2 6 3  
- 2  63 
- 2 6 3  
- 2  64 
- 2 6 3  
- 2 6 3  
~ 2 6 2  
-263 
- 2 6 3  
- 2  63 
~ 2 6 3  
a263 
a 2 6 2  
. 2 6 5  
-331 

1 . 0 0 2  

~ 

1.560 

1 .000  
- 6 4 7  
. 5 3 8  
. 4 6 8  
- 3 1 2  
-319 
.270  
,239 
~ 1 9 4  
. 1 6 9  
e 1 5 6  
- 1 5 4  
.154  
.154 
~ 1 5 6  
- 1 6 9  
- 2 3 0  
. 3 2 0  
.471 

1.002 

A 

1.890 

1 .000  
. 5 3 3  
. 3 4 9  
. 2 7 7  
- 2 7 7  
~ 2 7 6  
.278 
. 2 7 8  
- 2 1 6  
- 2 7 5  
- 2 7 4  
. 2 7 4  
- 2 7 4  
.274 
- 2 7 4  
, 2 7 5  
, 2 7 8  
, 2 7 8  
. 2 7 8  

1 .ooo 

Row 2 

1.011 

.999 

. 3 8 2  

. 3 8 4  

. 3 8 6  

. 3 8 5  

. 3 8 4  

. 3 8 3  

.3n5 

. 3 n 3  

. 3 n 3  

. 3 w  

.3nk 

.an4 

.384  

.3R5 
- 3 8 4  
. 3 R 4  
.317 
. 3 8 ?  

1.001 

XIXt 

1.286 

1.000 
. 5 1 7  
, 2 9 5  
- 2 8 5  
- 7 8 6  
+286 
- 2 8 6  
..?a4 
,284 
-283 
. 2 8 3  
.283 
. 2 8 3  
-283 
.E83 
. 2 9 3  
.2R5 
-286 
. 2 9 5  
.999 

1.286 

1 .000  
- 6 5 9  
.559  
.487 
.388 
- 3 2 2  
.E80 
. 2 3 7  
. l a 1  
~ 1 5 3  
.122 
.118  
. 1 1 7  
.118  
.122  
, 1 5 3  
e 2 3 8  
.323 
.490 
.999 

Xlxt 

1.560 

1.000 
. 5 9 b  
.519  
.463 
.351 
.240  
- 2 0 3  
.194 
.192  
.192  
.191  
.191 
.190  
. 1 9 1  
.191 
.192 
. 1 9 5  
e 7 4 0  
. 4 6 3  

1 .000  

1.560 

1.000 
- 6 5 3  
.572  
e 5 0 0  
e 3 1 3  
.194 
.194 
a193 
- 1 9 3  
. 1 9 3  
. 1 9 1  
.101 
. 1 9 1  
.l*l 
. 1 9 2  
. 1 9 3  
.194 
.194 
.504 

1 .ooo 

1.890 

1 .ooo 
,673 
- 5 7 6  
.509  
. 5 2 Z  
,396 
.E99 
~ 1 6 9  
. 1 1 9  
- 1 1 3  
.111 
.111 
,111 
.111 
.111 
. 1 1 3  
- 1 6 9  
. 3 9 ?  
. 5 1 1  
.999 

.999 
-674 
, 5 7 8  
.504  
.403 
. 3 5 3  
.?87  
.206 
. 1 2 9  
e l l 5  
.112 
, 1 1 2  
.112  
.112  
.112  
a 1 1 5  
. 2 0 7  
. 3 5 3  
- 5 0 9  

1.000 
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Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  

1 9  
2 0  

l a  

Point 

1 
2 
3 
4 
5 
6 
7 
b 
9 

1 0  
11 
1 2  
1 3  
I 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  

Q t, j P, 

l . 6 L l  
1.53> 
1 . 7 5 5  
I .  9 ' r 4  
2 . 5 1 9  
3.015 
3.446 
4.lr40 
5.Cfu 
2 . 5 7 2  
C.lbU 
7.181 
8.233 
4 . 7 4 3  
7 . l t b  
' . 5 2 4  
4.b.43 
3 . 0 5 3  
A . Y t l  
1.011 

Pt, j'Q, 

1 . 0 L l  
1 .555 
1 . 7 5 5  
1.954 
2 . 5 1 9  
3 . b i 5  
3.456 
4.640 
5.050 
5 .575 
6 .1CU 
7.161 
8.233 
9 .743 
7 . l t b  
5.>:4 
4 . 0 4 3  
3.G33 
1 .9C1 
1 . 0 L 1  

TABm 111.- Continued 

(i) Configuration C9 

Flap static pressures, P/P,,~ -> I=-  row 1 . 

0.791 

.947  

. j > u  

. b L A  
I S 9  

.797 

.7'rb 

.796 

. 7 4 6  
- 7 9 6  
. 7 9 6  
. 7 9 6  
. 7 S b  
. 7 9 b  
. 7 9 7  
.74  7 
.79 7 
. 7 Y 7  
, 7 4 6  
.OG0 

1.JC2 

1.011 

.497  
- 3 d I  
. 3 8 3  
. 3 1 4  
. 3 e :  
.3Y5 

.3d9 

. 3 8 4  

. 3 8 4  

. 3 8 4  

. 3 6 4  

.3d3 

.384 

.364 

.385 

.386  

. 3Ob 
1.504 

.3n5 

. 3 a 4  

x/xt 

1.286 

.V4Y 

.342  

. 3 4 4  
- 3 4 6  
. 3 4 6  
- 3 4 0  
. 3 4 2  
.3+2 
.3+5 
. 3 4 4  
. 3 4 5  
. 3 4 5  
. 3 4 5  
. 3 4 4  
. 3 4 4  
. 3 4 4  
. 3 4 4  
. 3 4 >  
. 3 4 4  
. 9 Y 9  

1.560 1.890 

.996  . 9 4 d  

.498  . Q 4 3  

. 4 2 4  .>17 

. e 5 9  . 4 7 6  

. L 3 3  . 3 7 3  

. 2 3 4  .2C6 
- 2 3 4  - 2 G 6  
.?34 .CLV 
.234 . ? C . 9  
- 2 3 3  .LC9 
- 2 3 3  -2C.M 
- 2 3 3  . 2o r  
-23.7 . 2 c 7  
- 2 3 3  .L67 
- 2 3 3  . C U Y  
. 2 3 4  -2CB 
- 2 3 5  .ZLd 
-235 .207  
. e t 3  e 4 7 9  

-. l.OC1 . - .599-  

P/Pt,j Sidewall static pressures, < 

i 

0.79 1 1.011 1.286 1.560 1.890 1.286 

1 . u u 5  
. 7 9 1  
, 8 U Z  
.MU? . B O 2  
. 7 9 7  
.79P 
. 7 9 9  
.751 
.79*  
. w a  
.79n 
.7ya 
.797 
.747  
. 7 9 c  
. 7 9 h  
. 7 9 4  

. Y 4 5  

. 7 w  

1 . o w  
. 5 R 1  
.5Sl 
. 5 P O  
. c 7 7  
. C 7 E  
.57h 
.F7h 
.57h  
. 5 7 c  
. ! ,7h 
. 7 7 6  
. 577  . ' 7 7  
. 576  

. 5 7 5  
- 5 7 6  
.550 
. 9 c c  

. ~ r 5  

.999  

. 4 9 9  

. 3 0 7  . -01  

. s o 1  
, 301  

.?.!I1 

.7 9 9  

. z o o  

. 7 s q  

. 709  

. 2 9 9  

. 3 0 0  

.?01 

. 3 3 2  

. . I n n  

.a97  

. ' ~ n  1 

.3nn 

. m q  

. 9 9 6  

. 5 C O  

.415 

.267 

.2b7  
e 2 6 7  
- 2 6 1  
.2 6 6  
.L6b 
- 2  QO 

.2b5 

. 2 6 5  
- 2 6 5  
. 2 6 5  
. 2 6 b  
- 2 b 7  

- 2 6 6  
. 9 P V  

. 2 6 n  

. 2 6 e  

.997 

.6lR 

. 5 3 9  

.446 

. 3 6 4  
e 1 9 7  
.19Q 
.198  
. 1 Y 5  
.197  
- 1 9 7  
, 1 9 6  
,196 
. l 9 h  
..197 
. 1 9 p  
- 1 9 5  
. 1 9 P  
.4vo 
. i ) ' )o  

. 9 9 9  
, 4 5 1  
. 3 4 7  
.347 
. 3 4 6  
. 3 4 6  
. 3 4 4  
. 3 4 4  
. 3 4 3  
.343 
.343 
. 3 4 3  
- 3 4 2  
e 3 4 2  
. 3 4 3  
. 3 4 4  
. 3 4 5  
.346 
. 3 4 t  
. 9 9 F  

1.560 1.890 1.560 1.890 

.99R .991 
,569 .61 t 
. 4 4 h  .537  
.247 . 4 6 4  
.?44 . 3 6 0  
.243 . ? l o  
.243  .205 
.243  . 2 0 5  

. 9 9 9  .949 

. 5 7 4  .627 

.47? .5 3 7  

. 2 7 3  .46C 

.?44 .341  

.E43 .26q 

. 2 4 3  . Z I P  

. 2 6 3  .Z16 
.24? . 2 0 4  . 2 4 2  . 2 0 5  
.247 .e03 . 2 4 1  .20f 
.747  .203 . ? 4 1  . 2 0 4  
- 2 4 1  - 2 0 3  .241 .204 
. 2 4 1  . 7 0 3  . 2 4 1  ,203 
. 7 4 1  . 7 5 2  . 2 4 0  . 2 5 3  
.24? . 2 0 3  .?41 -204 
. ?4?  . 2 0 5  .?42 - 2 0 5  
e 2 4 3  .207 . 2 4 3  . 2 1 0  
. 7 4 3  . 2 1 2  . 7 4 3  - 2 6 7  
, 2 4 6  , 4 7 3  . 2 7 5  . ~ r 4  
. 9 9 9  i . o n :  . 9 c 9  1.(102 
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TAJ3m 111.- Continued 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
1 2  
1 3  
1 4  
1 5  
16  
1 7  
18 
19 

Po in t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

io 
11 
I2 
1 3  
14 
1 5  
1 6  
1 7  
1 U  
117 

Cj) 

P t , j f P ,  

1. G O 1  
1.5L2 
1 .770  

6.533 
3 . 0 i 7  
3.512 
4 . L 3 6  
5 . O l - Y  
6.213 
8 .357  
Y . 2 i i  
9 .b40  
9 .230  
6 .223  
4 . 0 2 3  
3.0kA 
1.FP5 
1 . G C 1  

2 . 0 ~ 3  

Pt,j'Pm 

1 . L O l  
1.5LL 
1 . 7 7 0  
2.GC3 
2.534 
3 . u i 7  
3.512 
4.030 

6 .213  
b.347 
9 .272  
9 . 6 6 6  
9 .230  
b .223  
4 . 0 2 3  
3.OCl 
1 .945  
1. U ( ' 1  

5 . o e 9  

Configuration C10 

Flap static pressures, P/P,,~, 

'ROW 1, 

x/xc 

0.791 1.011 1.286 1.560 

-996 . Y 9 7  1.uo0 -.997- 
- 7 9 1  . 4 1 E  - 5 6 0  - 6 1 7  
.7E4 .3  78 - 4 3 6  , 5 0 4  
. l e 3  .379 .*24 . 4 5 5  
.779 . 3 a o  - 2 2 6  . 3 7 h  
. 777  . 3 e o  . 2 2 ?  .313 
. 770  .379  - 2 2 7  .lbl .. 
- 7 7 6  .3?Q . 2 2 P  -161 
.77* .378  . 2 i  7 -161 
. 7 i 3  * 3 7 8  .Z ib  - 1 6 1  
. 773  - 3 7 8  .255  .160 
.774 .37P .225 -1 b 0  
4 7  4 .37R .z2.5. . 1 6 @  
.774 .3 ? t l  - 2 2 5  . 1 00 
.774 . 3  78 .2Zb - 1 6 1  
, 7 7 7  . 3 ? 9  . 2 2 7  -161 
.7tG .381  -226 .30R 
. ? e 6  .3n1 .41?  .453 

I.QO0 1.004 . 9 5 9 -  r.ocl_ , 
~ 

Sidewall s t a t i c  pressures, p/pt,j 

- Row 3 -) 

0. 791 1.011 

I.OC,2 1.000 
.MU? . t o 1  
. a 0 1  . : e 4  
- 8 L l  .%R3 
.600 . 5 R P  
.797 . 5 ~ r  
- . 79.P .?PO 
.79P .5RO 
.79R . 5 P O  
. /98 . F R O  
* 79R - 5 P l  
.799 . 5 e 1  

-.79e. .'PI 
. 7 9 4  , 5 8 1  
.79R . ~ R O  

.19p .583 
_.%s i . o o n  

7 9 5  .580 
- . 7 9.4 e550  

x f x t  

1.286 1.560 

.998 . 9 4 t  

. 5 b 2  . 6 2 7  
- 3 b P  - 5 0 1  
. 3 5 7  .4:9 
, 7 6 5  . 3 b Y  
r ? 6 5  .3Gt 
- 2 6 2  - 2 5 3  
, 7 6 5  .124  
,?b4 - 1 2 4  
~ 2 6 4  .124 
- 2 6 4  .125  
,264 .125 

- .  .?.64. . 125  
.P64 .125  
.2b4 . 125  
- 7 6 6  .125 
.76h  - 3 1 0  
.Ti65 - 4 6 3  

. .  1.901 1 .000  
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TABLE 111.- Continued 

Point 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
1 2  

14 
1 5  
1 6  
1 7  

4 3  

Po i n  t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1c 
11 
1 2  
1 3  
1 4  
1 5  
l b  
1 7  

Pt,jlPm 

1.OL1 
1.4E8 
1.745 
1.?$d 
2.5Cl1 
3.C14 
3.766 
4.367 
4.b17 
b.141 
9.2bb 
9 . b 7 1  
b.121 
4 .2 tu  
3.CCd 
2.U04 

. 9 9 r  

Pt*jfP, 

1.OC1 
l . + t 6  
1.745 
1 . 9 9 b  
2.5b1 
3.014 
3 . 7 ~ ~  
4.3C7 
4.817 
b . 1 4 1  
9 . 2 t b  
V.t76 
6.121 
4.2CU 
3.GL6 
2 . C L 4  
.YYY 

(k) Configuration C11 

4 

k- Flap s t a t i c  pressures ,  P / P , , ~  

Row 1 

.9$7 .997  1.OCi . I 9 2  .354 . 3 5 1  
- 7 t . d  . 3 5 5  , 3 4 4  
.7b 7 .?54 .347 
.7€4 .355 .347 
- 7 6 2  .355 ,347 
- 7 f  0. .354 a 3 4 6  
.779 .353 + 346  
. 7 7 9  .353 .345  
. 7 ? b  .353 .345 
.779 .353 .345 
.7?9 .353 .345 

- .775 .353 .345  
.7b2 .354 .3k5  
.7b5 .35b . 3 4 7  

.99b 
a b 4 6  
.>32 
.484 
.344 
.222 
.222 
.222 
.222 
. 2 2 1  
. 2 2 1  
.221 
.222 
.223 
. 2 2 3  

. 7 $ 0  .357 - 3 4 6  .413 
12Q&Y . 1.G24. 1.002 1 - 0 0 ?  

4 rl PJPt, j S i d e w a l l  s t a t i c  pressures ,  

1’ Row - <- Row 3 

X / X t  I xJxt 

0.791 1.011 1.286 1.560 I 1.286 1.560 

- 9 V O  
. 8 0 0  
. b o ?  
. 8 U 2  
- 8 0 3  
. 7 9 P  

. .. . 79R 
.7YP 
.799 

.749 

.7v9 

.79$ 

.mu7 

.7vn 

2 799.  

. 7 Y ?  

l .U0?. 

1.001 - 0 9 s  
.5R3 .474 
. 5 P 3  . 42 ’  

.579 . 2 9 4  

. 5 7 n  .295 

.577 .795 

.577 . 7 9 5  

.577 . 7 9 4  

.577 .?94 

.57n .?44 
. 5  79 . ? 9 4  
.577 . ? 9 5  
.577 - 2 9 6  
- 5 7 0  - 2 0 6  
.5R7 .794 

.5P2 . 7 0 7  

1.cnc 1.”07 1 

I 
.999 , 9 9 9  
.e37 . 5 b 3  
.53P . 3 5 5  
. 4 t 9  .347  
.e71  . 3 4 t  
.27@ .346  
._z 10 .345 
. ? C 9  .345 
. 2 f 9  .345 
- 2 6 9  . 3 4 2  
. 2 t  P . . 3 4 4  
. z s e  .344 
. z e q  . 3 4 b  
. 27c  ,347 
.E71 .346 
- 4 6 8  .349 
.OO2 1.LG2 

.90p 

. f 4 5  . L 45 
- 4 7 2  
.315 
. 2 4 5  

- 2 4 2  
. 2 4 1  
.24Q 
.230 
- 2 3 0  
.240  
. 2 4 3  
.247 
.472 

. 2 4 7  

1.m) 

1.560 

.597 . b 4 9  . .5 50 
.483 
- 3 4 1  
- 2  63 
. 2 3 7  
.233 
- 2 3 1  
- 2 2 9  
.228  . 2 2 b  
- 2 3 0  
- 2 3 4  
- 2  6 8  
.4f1 

1.002 
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TABLE 111.- Concluded 

Poin t  P , , ~ ~ P ,  

1 l . c i C 1  
2 1.565 
3 1 . 8 5 1  
4 1.9$7 
5 2.578 
6 3.031 

-. 7 .. .. 3.541 
8 4.644 
9 5.LS8 

10 6 .138  

1 2  9.172 
1 3  Y.611 
14 9.1Lb 
1 5  6.139 
1 6  4 . L 4 Y  
17 3.021) 
i n  2.02~ 
13 .YS9 

11 n.it6 

1 ._ 1 . G L 1  
2 1 . > b >  
3 1.651 
4 1.997 
5 2 .578  
6 3 .031  

8 4 . 0 4 4  
9 5.098 

1 0  6 .138  
11 e.106 
1 2  9 .172  
13 9-6-11  
1 4  9.lt.b 

. . 7 .- . ? . ? + a  

1 5  6.139 
1 6  4.049 
1 7  3.02b 

(1) Configuration C12 

/ Flap s t a t i c  pressures, 

4 Row 1 

0.791 1.011 

.US; . 9 9 7  

.793  .434 

.790 .4u4 

. 7 € 9  - 4 0 5  
- 7 8 6  . 4 U b  
.784 - 4 0 6  
.Z_Br. - 4 0 6  
. 7 e q  -406 
. I @ $  .405  
. 7 8 3  .405  
. 7 6 5  .409 
. 7 b o  - 4 0 5  
. 7 6 5 .  - .4g5 
.7P6 .405  
, 7 6 9  .40b 
. 7 t 7  - 4 0 7  
.78b  , 4 0 8  
.794 . 4 V P  

.l..iJ(L@ _ _  ._1 .007  

1.286 

. 9 9 9  

. 3 4 9  
- 3 4 6  
- 3 4 6  
. 3 4 7  
- 3 4 7  
. 3 4  7 
- 3 4 6  
a 346 
- 3 4 6  
. 3 4 7  
- 3 4 7  
. 3 4 7  
1 3 4 7  
. 3 4 6  
.347 
. 3 4 7  
- 3 4  6 . Ob1 

x f  Xt 

1.890 2.220 2.769 1.560 

. 4 e 5  
-467 
. 4 3 0  
- 2 2 9  
.230  
e230 
.230  
- 2 3 0  
. 2 3 J  
- 2  30 
-230 
.230 
a 2 3 0  
* 2 30 
.232 
. 2 3 1  
.418  

. 1 . 0 0 3  

.998  ..i9 a_ 
.5C1 
,452  
.442 
- 2 3 5  
.2L3 
. 2 c +  
. 2 c 4  
.2cs 
. z c +  
. 2 c 4  
.2L4 
.2 63. 
.204  
. 2 & 5  
.2c5 
.ZL3 
. 4 3 >  
. G C l  

.170  - 2 2 7  

- 4 4 6  - 4 6 5  
.184  ~ . 3 1 1  

- Sidewall s t a t i c  pressures, r 

1.011 1.286 

1.0b5 . a 9 7  . Q O ?  
. 5 8 7  .299 . B G 3  . 8U7 .5R7 - 9 9 9  

.U04 .5Rh . 7 9 9  

. 7 9 9  . 5 8 4  . m c  

.79a . 5 R 4  . . 3 o n  
. 2 W Q  .. .583 .lO_O. .- 

, 7 9 9  .593 . ?or) 
279’  . 5 R 3  .ann 

. 7 9 9  - 5 8 4  .lo? 
. .7Y@ .585  .799 

, 7 9 9  .. .58b .?>Q 

- 7q9 . 5 8 9  . a m  

I 0 . 7 9 1  

.7Y9 . 5 8 3  . 2 9 9  

.299  
- 

.79R . 5 R 4  
_ . .  ~. 
.7ra . 5 8 4  .?(I1 

.~ . I 9 7  .585  .3nr 
.300 i n  2.029 

19 .959 - . _. . . . . . I .  q01 
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w 
0 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Paint 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
I5 
16 

TABLE 1V.- OOMPUTER PRINTOUT OF RATIO OF INTERNAL STATIC PRESSURE To JET 

TOTAL PRESSURE FOR SINGLE-RAMP EXPANSION NOZZLES 

(a) C o n f i g u r a t i o n  SR1 

t.l Upper f lap  s t a t i c  pressures,  pip > 

Row 2 - 
.999 1.003 

1.496 .794 
2 . 5 4 2  .797 
3.503 .7v3 
4.237 ,791 
5.146 -792 
6.185 .79c 
6.663 790 
7.244 ,789 
9.4ez .78h 
10.423 .785 
9.429 .705 
6,685 .700 
4.219 a780 
2.491 .743 
1.061 .999 

1.008 

1.000 
,449 
- 2 3 0  
.23? 
-236 
.235 
.234 
.234 
~ 2 3 4  
~ 2 3 2  
a232 
-232 
.233 
~ 2 3 6  
e238 
.999 

1.129 1.250 

1.003 1.000 
.510 .549 
.2 60 .241 
.261 .241 
.ZbO .240 
.259 .240 
.259 -239 
.259 -239 
.258 ,230 
.257 - 2 3 8  
.257 a230 
,257 ,238 
,250 -239 
.260 . 2 4 0  
- 2 5 6  .240 
.997 1.000 

1.449 

,998 
.627 
-452 
~ 2 2 6  
. 2 2 5  
-225 
.225 
-225 
- 2 2 4  
-224 
.224 
.224 
-225 
.226 
.462  

1.001 

1.001 1.000 
-691 .788 
.49? .779 
. 4 5 3  .770 
.I93 ,778 
.193 .770 
.193 ,777 
.193 .770 
.193 .77b 
.192 -776  
-192 .776 
e192 .775 
.193 .778 
.194 .770 
.409 ,701 
,998 l.oG2 

1.008 

1 .ooo 
, 4 2 6  
.246 
-245 
a245 
- 2 4 3  
.243 
-242 
.241 
.240 
-239 
,239 
.242 
.244 
-244 

1.000 

X l X C .  U 

1.129 

.999 
-506 
e271 
. 272  
~ 2 7 1  
-270 
-269 
,269 
a269 
a266 
-264 
.265 
.269 
,271 
.271 

1.000 

1.250 

1 ,037  
.?ne 
,266 
. ? 5 7  
. 2 5 ?  
.?4? 
.734 
.23P 
. ? * e  
-239 
.219 
,239 
- 2 3 0  
.?37  
-237 
963 

1.449 

1.000 
6 4 0  

.479 
~ 2 3 1  
-231 
~ 2 3 0  
-230 
,230 
m230 
-229 
m229 
a229 
,230 
232 

,486 
1.000 

Pt,j’Pm 

.909 
1.490 
2.542 
3.503 
4.237 
5.146 
6.185 
6.6C3 
7.244 
9 a 4 8 2  

10,423 
9.429 
6.665 
4.219 
2.491 
l.tL1 

4 1 Lower f lap  s t a t i c  pressures,  

0.881 

.990 
- 0 4 5  
. e 4 2  
.a41 
. e 4 3  
- 8 4 3  
.a42 
. e 4 3  
,842 
. e 4 0  
- 8 3 8  
.a39 
.e42 
, 8 4 3  
. a 4 3  

1.000 

I 
1.001 

1.001 
.538 
.532 
~ 5 3 1  
,530 
-530 
-529 
a529 
-529 

a520 
- 5 2 7  
.528 
-529 
. 5 3 0  
.997 

. s z n  

1.070 1.168 

.999 .999 
,452 -609 
a 4 2 6  - 3 3 2  
. 4 2 5  .332 
.424 . 3 3 2  
. 4 2 5  -332 
-425 e 3 3 2  
.424 .333 
.424  ,332 . 424 -332 
.424 a 3 3 2  
- 4 2 3  .332 
-425 .333 
,425 , 3 3 4  
. 4 2 7  . 3 3 4  

1.000 1.001 

1 7 Row 2 

x /x t ,  1 

0.881 1.001 1.079 1.168 

1.003 1.001 
, 0 4 3  .535 
.446 -532 
.a46 e 5 3 1  
. a 5 4  e530 
. a 4 6  ,530 
.a45 - 5 3 0  
. a 4 5  .530 
.e44 .529 
. a 4 2  -528 
.a41 .52P 
.e41 .52? 
.e44  .528 
. I 3 4 3  -529 
.n45 -531 
1.000 1.000 

1.000 
. 4 5 3  
-429 
429 

.420 

. 4 2 a  
-427 
~ 4 2 7  
, 4 2 7  
, 4 2 6  
,425 
-425 
-426 
,428 
. * 2 9  

1.000 

1.003 
~ 6 1 3  
. 3 3 5  
. 3 3 4  
. 3 3 3  
-332 
- 3 3 2  
,332 
,332 

-332 
. 3 3 3  
.333 
,997 

x 



TABLE 1V.- Continued 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  
1 5  
16 

Pt,jlP, 

.959 
1 450 
2 . 5 4 2  
3.5G3 
4.237 
5 . 1 4 6  
6.185 
6 . 6 8 3  
7 . 2 4 4  
9.482 

10.423 
9.429 
b.bt5 
4.219 
2.491 
1.oc1 

(a) Concluded 

c Sidewall s t a t i c  pressures, > 
<- Row 2 -> C Row 1 > 

0.888 

I. 002 
-731 
~ 5 6 6  
a503 
.473 
. 4 4 0  
. 4 2 7  
- 4 2 0  
.414 
-391 
. 3 8 4  
391 

- 4 2 0  
. 4 7 3  
-569 
.997 

1.008 

1.005 
.610 
,597 
.595  
596 

.594 

.594 
,594 
.594 
,595 
.595 
,593 
.593 
,592 
,593 
.994 

1.129 

.999 

. 4 8 8  
e 3 2 4  
-325 
-325 
,375 
.325 
.325 
-325 
-325 
.325 
,325 
. 326  
. 3 2 6  
-326 

1.000 

1.250 1.371 

.999 . 9 9 7  
- 6 1 3  .640 
-215 , 3 6 5  
-215 -190 
,215 .I81 
~ 2 1 5  .1R1 
- 2 1 4  .1R1 
m214 .in1 

213 .le9 

- 2 1 3  .190 
, 2 1 5  .I11 
Zlb .le2 

,215 .373 
1 . O Q 1  1.004 

,214 .I80 

,213 -179 

1.510 1.691 

1.001 .998 
a666 .672 
e k k 5  .520 
.2n2 . 3 4 0  
.210 .251 
- 1 5 0  . 2 0 5  
.121 ~ 1 6 4  
.121 .150 
.121 -136 
. 1 2 1  . O R 9  
,121 . 0 9 8  
,121 . O B 8  
.121 .14Q 
.210 . 2 5 ?  
. 4 5 3  ~ 4 2 1 1  
.999 1.002 

x/xt .  U 

1.250 1.371' 1.510 1.691 

.999 1.001 .998 1.001 
+568 -614  .656 ,682 
- 2 3 6  386 . 4 @ 2  - 4 8 2  
.231 
. 2 3 R  
.23* 
e 2 3 8  

. 231  

.?P7 
-237 
.237 
-239 
- 2 4 0  
.237 

1.001 

.z3n 

.223 
-223 
.223  
. 2 2 3  
- 2 2 3  
. 2 2 2  
.221 
.221 
.221 
.222  
.223 
391 

.998 

, 2 1 1  
.210 
.211 
.210 
.210 
.210 
- 2 0 8  
-209 
,209 
,210 
. t 1 0  
- 5 9 1  

1.002 

- 4 2 0  
- 2 2 6  
-175 
- 1 7 5  
~ 1 7 5  
-175 
.172 
-172 
,171 
~ 1 7 2  
, 2 2 5  
, 4 8 4  
.999 

w 
X 



W 
hl 

TABU?, 1V.- Continued 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

(b) Configuration SR2 

upper f lap  s t a t i c  pressures,  P / P  

. U  
x lxt  

1.008 1.129 1.250 1.449 
Pt,jlPm 0.888 

1.001 
1.527 
2 . 5 4 7  
3.549 
4 . 2 3 3  
5.092 
6 .207  
6.708 
7 . 2 8 9  
9.381 

10.338 
9.333 
6.679 
4 196 
2.499 
1.000 

Pt,j/Pm 

1.001 
1.527 
2.547 
3 . 5 4 9  
4.233 
5.092 
6.207 
6.70b 
7.280 
9.381 
10.338 
9.333 
6.679 
4,196 
2.499 
1.oco 

1.000 
.793 
,795 
.792 
.789 
-791 
.709 
,789 
-780 
,788 
.787 
.78? 
.789 
.?80 
.794 
1.000 

I 
,998 1.001 
. 4 3 5  .498 
-238 - 2 5 8  
.237 .260 
a 2 3 6  .259 
- 2 3 5  . 2 5 9  
. 2 3 4  . Z 5 8  
,234 ,258 
,234 , 2 5 8  
- 2 3 3  ,257 
e232 . 2 5 7  
, 2 3 2  . 257  
-233 .258 
a236 ~ 2 5 9  
- 2 3 7  .256 

1 000 .999 

1.000 
.535 
'240 
.240 
,239 
.239 
,239 
. 2  38 
.238 
,238 
,238 

e239 
.240 
.240 

1,000 

.23n 

.999 
-612 
.451 
. 2 2 4  
,225 
.225 
,224 
.224 
a 2 2 4  
.224 
,224 
-2211 
.225 
-226 
. 4 5 9  

1.000 

1.691 

1.002 
a672 
-496 
-450 
-197 
- 1 9 4  
-195 
.194 
,195 
,193 
. 1 9 3  
,194 
,194 
,709 
. 4 8 0  
.997 

1.008 

. 9 9 7  .999 
,785 .393 
.777 ,245 
.776 ,245 
.776 ,244 
-776 . 2 4 3  
.776 ,242 
,777 ,242 
.776 . 2 4 2  
.777 . 2 4 1  
.778 ,241 
.778 -241 
.778 , 2 4 2  
,718 0 2 4 5  
.781 - 2 4 4  

1.003 1.000 

t .J  
Lower f l a p  s t a t i c  pressures,  plp B 

Row " Row - 
1.001 1.079 1.168 I 

.992 .998 

.a44 .535 
,839 ,530 
. e 3 8  . 5 2 8  
,839 .528 
- 0 3 9  e529 
.E39 .528 
.E40 ~ 5 2 8  
e841 -528 
.E41 ,529 
.840 -529 
. R 4 1  , 5 2 9  
.E47 - 5 2 9  
, 8 4 4  -529 
, 8 4 3  -531 

1.009 1.002 

,000 -990 
.446 .584 
, 4 2 6  .332 
. 4 2 5  ,332 
,425 -331 
,424 e332 
, 4 2 5  - 3 3 2  
, 4 2 5  -332 
,425 .332 
, 4 2 5  .332 
,425 .333 
,425 .333 
,425 .333 
,426 , 3 3 3  
, 4 2 6  . 3 3 4  
,000 1.001 

X/Xt,l 

0.881 1.001 1.079 1.168 

,001 
, 8 4 3  
-845 
. a 4 5  
, 8 4 2  
. a 4 5  
.e44 
.E44 
,044 
.E43 
- 8 4 3  
- 0 4 3  
. e 4 4  
,842 
. R 4 4  
,001 

. w a  

.533 

.530 
-529 
- 5 2 0  
-520 
.520 
.520 
-528 
,528 
-529 
-528 
-529 
~ 5 2 9  
-531 

1.002 

.999 
,441 
. + 2 7  
.427 
.C2b 
. 4 2 6  
.426 
. 5 2 6  
.426 
. 4 2 6  
,426 
. 4 2 6  
,427 
. 4 2 8  
,429 

1.092 

1.000 
-592 
. 3 3 3  
e332 
,332 
.331 
,332 
.331 
.331 
a331 
,332 
-331 
~ 3 3 1  
. 3 3 3  
. 3 3 4  

1.000 

t,u 

1.129 

x l x  

.999 
a500 
.270 
.E72 
,271 
.271 
- 2 6 9  
6269 
a 2 6 0  
.2b7 
~ 2 6 6  
267 
-270 
-271 
.270 
1.000 

1.250 

.999 

.557 
-251 
-247 
.?46 
,245 
.?44 
-244 . E44 
.?44 
. t 4 4  
.244 
.245 
, 2 4 7  
-752 
1.001 

I 
1.449 I 
.997 
s 630 
,472 
a231 
-231 
230 
a231 
-230 
-230 
-230 
-230 
,230 
-231 
,232 
,479 

1. OQl x 



TABLE 1V.- Continued 

1.329 

(b) Concluded 

1.250 P o i n t  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14 
15 
16 

A S i d e w a l l  s t a t i c  p r e s s u r e s  p / p t  c * , j  1 

4 ROW 2 r- 

1.008 

x/xt u 

1.129 1.250 

l . b G l  
1.527 
2 . 5 4 7  
3.549 
4 . 2 3 3  
5.092 
6.267 
6.766 
7.2eb 
Y 361 
10.338 
9.333 
6.679 
4.1'46 
2.499 
1.000 

,999 
e 721 
565 
501 

e 473 
e 450 . 429 . 420 . 413 
b 394 

b 3 9 4  
e421 . 4 7 5  . 570 

1.902 

8 367 

999 
604 

e 597 
.597 
a597 
e596 
e596 
596 

e 596 
597 
0597 
a 597 
596 

e 596 . 597 
.999 

e997 
e 4 3 3  
324 

e325 
m325 
a325 
e 325 
e 325 
a325 
326 
326 

e 326 
327 

a 327 
e327 

1.002 

e 998 
606 
a215 
a 2 1 5  
215 
215 
e214 
a214 
a 214 
214 

9 2 1 4  
e214 
215 
216 

0216 
1.001 

1.371 

e995 
.600 
.394 

2 2 0  
.??? . t??  

2 9 2  
b272 
. 7 ? 1  

. 2 t l  
m t 9 l  . 2 3 2  
a 2?3 
a 404 

1.005 

b 2 2 1  

H 
.YC9 
e648 X 
e433 
e267 
a220 
a 2 0 9  
e 2 0 0  
e 2 0 7  
e207 
.2G7 
e207  
e 2 C 7  
.208 
222 
.439 

1e001 

W 
W 



W 
lb 

x / x  t.1 

0.881 1.001 1.079 1.168 

TABU3 1V.- Continued 

X/XtS 1 

0.881 1.001 1.079 1.168 

Point 

1 
2 
3 
4 
5 
6 
7 
b 
9 

10 
11 
12 
13 
1 4  
15 
16 

Poin t  

L 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
13 
1 4  
1 5  
16 

Pt,j /Pm 

1.001 
1 .4W 
2.541 
3.535 
4.197 
5.069 
6.128 
6.715 
7.298 
9.425 

15.361 
V.444 
b e b e 1  
4.201 
2.532 
I .  000 

P , , j / P , .  

1.CGl 
1 .496  
2.541 
3.535 
4.197 
5.06V 
b.12R 
6 - 7 1 >  
7.298 
9.425 

10.361 
9,444 
6.681 
4.201 
2.532 
1. GOO 

(c) Configuration SR3 

t Upper f l a p  s t a t i c  pressures,  P / P , , ~  f 

I > 

0.888 1.008 1.129 1.250 1.449 1.691 1 0.888 1.008 1.129 

.998 
- 7 9 1  
.794 
.7Y1 
- 7 8 9  
a790 
,769 
.789 
.787 
- 7 8 6  
- 7 8 6  
.785 

.78@ 
a 7 9 k  
.999 

.7an 

.998 
~ 4 8 2  
- 2 3 7  
- 2 3 6  
- 2 3 6  
-235 
,134  
e233 
- 2 3 3  
- 2 3 2  
. 2 3 2  
- 2 3 2  
.233 
- 2 3 6  
- 2 3 8  

1.003 

.999  

. 5 4 3  

. 2 5 7  
- 2 6 0  
.Zb0 
.25q 
- 2 5 9  
a258 
. 2 5 8  
.257  
.257 
,257 
,258 
- 2 5 9  
e257 

1 .001 

.996 
,590 
, 2 4 0  
~ 2 3 9  
.239 
. 239  
,238 
- 2 3 8  
.23U 
~ 2 3 8  
.238 
.238 
~ 2 3 9  
. 2 4 0  
.241 

1.001 

.999 
-656 
,459 
- 2 2 4  
, 2 2 5  
- 2 2 5  
- 2 2 5  
- 2 2 4  
a224 
~ 2 2 3  
. 2 2 4  
a223 
- 2 2 5  
- 2 2 6  
~ 4 6 1  

1.001 

. 9 9 8  
.6R7 
.475 
e460 
. 3 0 b  
. I 9 3  
.194 
- 1 9 4  
- 1 9 4  
.1 94 
e194 
.194 
a 1 9 5  
.293 
. 4 7 6  

1.003 

,996 
.7eb 
- 7 1 7  
- 7 7 6  
- 7 7 6  
- 7 7 6  
.776 
,717 
.776 
- 7 7 6  
.776 
.776 
.7 78 

.781 
1.0C3 

.77a 

.999 
- 4 5 2  
- 2 4 3  
,243 
- 2 4 3  
.240  
. 2 4 0  
,241  
- 2 3 9  
e238 
- 2 3 9  
-238 
. 2 4 1  
- 2 4 4  
- 2 4 4  

1.003 

Lower f lap  s t a t i c  p r e s s u r e s ,  c 

1- <- Row 1 

- 9 9 2  
. 8 4 3  
. a 3 9  
. e 3 9  
.e39 
,839 
.939 
.a41 
. E l l  
- 8 4 0  
. E 3 8  
,839 
. 8 4 2  
.e42 
. 8 4 3  

1 e004 

.998 
- 5 4 0  
.530 
. > 3 0  
, 5 2 9  
- 5 2 9  
- 5 2 9  
- 5 2 9  
,328 
- 5 2 8  
- 5 2 9  
.528 
a529 
- 5 2 9  
a 5 3 2  

1.001 

.998 .999 

. 5 2 3  a 6 2 0  

.425 -332 

.42C .332 

.425 - 3 3 2  

. 4 2 4  - 3 3 2  

. 4 2 4  -332 

.424 - 3 3 2  

. 4 2 4  .332 
e424 - 3 3 2  
. 4 2 5  . 3 3 3  
.424 - 3 3 2  
- 4 2 5  .333 
,425 ,334 
,427 . 3 3 5  

1.001 1.003 I 

,999 
.E41 
. e 4 5  
.e44 
.842 
,844 
.e43 
. R 4 4  
.R63 
. a 4 2  
.a41  

, 8 4 4  
.a42 
. 8 4 5  

1.000 

.a41  

.998 
- 5 3 6  
- 5 3 0  
~ 5 2 9  
.52P 
,527 
. 5 2 8  
.528 
. 5 2 P  
~ 5 2 8  
,528 
.527 
.52R 
.529 
-531 

1.001 

,999 
.533 

- 4 2 7  
.426 
. 4 2 6  
,427  
.k27  
. 4 2 b  
- 4 2 6  
.126 
- 4 2 6  
.427 

428 
. .429 
1.001 

.42n 

.997 
-630 
. 3 3 3  
.332 
.332 
.331 
,331 
.331 
.331 
.331 
.331 
.331  
.332 
.333 
.334 

1.001 

.Y98 

.543 

.269 
,271 
- 2 7 0  
.270 
.269 
. 2 6 8  
a268 
- 2 6 6  
,265 
.266 
,269 
.271 
- 2 7 0  

1.002 

1.250 

1.000 
,628 
- 3 5 0  
,748 
.246  
. 7 4 5  
.?44 
. ? 4 4  
.?43 
. ? 4 3  
,243 
- 7 6 3  
. ? 4 4  
- 2 4 6  

1 .@00  
. s+o 

1.449 

.998 

.669 
- 4 4 0  
,301 
- 2 5 5  
- 2 1 4  
.176 
,159 
- 1 4 5  

1 1 7  
- 1 1 6  
e117 
s 160 
~ 2 5 5  

4 4 3  
1.002 



Point  

1 
2 
3 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

4 

p,, j /pa 

1.001 
1.490 
2.541 
3.535 
4.147 
5.0f-9 
6.128 
6.715 
7.298 
9.425 

10.361 
9.444 
6.661 
4.201 
2.532 
1. 006 

TABLE 1V.- Cont inued  

( c )  Concluded 

<- Sidewall  s t a t i c  pressures ,  p/p, ,j .-> 

x/xt, u 

0.888 1.008 1 .129  1.190 

. 998 
730 

8565 
501 . 474 

e 450 
429 

a 420 
0412 
392 
386 
392 . 420 

8475 
567 

1.002 

1.001 
8612 
e593 
591 

e 590 . 589 
8 5 8 9  . 589 . 589 
8589 
e589 
0 5 8 8  
8589 
8489 
e 592 
e 999 

8997 
8573 
0318 
318 
0317 
8317 
a317 
0317 
e317 
e317 
8317 
e317 
319 

e 320 
0321 

le003 

. 998 
628 
e261 
e 260 
259 

e239 
259 

0 2 5 8  
258 

e257 
0 2 5 7  
257 

e 2 5 9  
261 

e 2 6 2  
1.002 

ROW 2 j 

x/xt, U 

1.190 

997 
. 5 @ 2  
e 2 5 3  
8 2 5 0  
e 2 5 0  
8 2 5 0  
e 2 4 9  
0 2 4 9  . 249 
8248 
8 2 4 8  

2 4 6  
, 2 5 0  

2 5 2  
, 2 5 5  

1.003 



Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Pa i n  t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x l x t ,  I 

0.881 1.001 1.079 1.168 

p t  , j IP- 

1.000 
1.510 
2.546 
3.510 
4.222 
5.069 
6.196 
6.676 
7.279 
9.394 

10.315 
9.381 
6 . 6 8 2  
4.227 
2.526 
1, GGO 

P t  ,J /p- 

1.060 
1.510 
2.546 
3.510 
4 . 2 2 2  
5.069 
6.196 
6.676 
7.279 
9.394 

10.315 
9.381 
6 .682  
4.227 
2.526 
1.000 

X I X t .  1 

0.881 1.001 1.079 1.168 

TABU 1V.- Continued 

(d) Configuration SR4 

Upper f lap  s t a t i c  pressures 

1 0.888 1.008 1.129 1.250 1.449 1.691 

.999 

.792 

.795 

.792 

.789 

.791  
.789 
.789 
.788 
- 7 8 1  
. 7 8 8  
.787 
,788 
0 788 
.793 

1.000 

. 9 9 8  
~ 4 4 0  
.237 
,236 
, 2 3 6  
.235 
. 2 3 5  
.234 
.234 
,233 
-232 
-232 
.233 
-236 
e237 

1.001 

1.OGO 
. 5 0 2  
-258 
, 2 5 9  
.2 60 
-259 
,259 
- 2 5 8  
- 2 5 6  
-258 
a257 
-257 
, 2 5 8  
-259 
-256 
-996 

,999 
,540 
.240 
. 2 4 0  
.240 
- 2 4 0  
e239 
.239 
.239 

,238 
.239 
,239 
-240 
.e40 

1.000 

. 2 3 e  

.999 
- 6 2 0  
-451 
-224 
-225 
- 2 2 6  
- 2 2 5  
. 2 2 5  
.224 
.224 
.224 
,224 
.225 
-226 
, 4 3 3  

1.001 

1.000 
e679 
-496 
,454 
-195 
-195 
.195 
-194 
a194 
-195 
-195 
-195 
a196 
a195 
.494 
,998 

1.008 

.997 .999 
,786 .400 
-718  , 2 4 6  
.777 - 2 4 5  
.777 .245 
.777 a244 
,777 -243 
,717 -243 
.777 a241 
.778 -240 
.777 - 2 4 0  
,777 -240 
,778 -241 
,778 -243 
.-I80 e 2 4 4  

1.004 1.002 

1.129 1.250 

1.000 .999 
-506 .558 
,210 .251 
-271 .P4? 
,271 .Zkb 
- 2 7 0  . ? 4 5  
e269 ,245 
, 2 6 8  .745 
- 2 6 9  - 2 4 4  
,266 -244 
- 2 6 5  . 2 4 4  
~ 2 6 5  - 2 4 4  
,269 .245 
, 2 7 1  .Zkh 
.270 -251 

1.001 1.001 

1.449 

.998 
e635 
e 4 7 6  
-232 
-231 
-230 
-230 
,230 
-230 
~ 2 2 9  
.e29 
, 2 2 9  
~ 2 3 1  
-231 
,419 

1.000 

< Lower f l a p  s t a t i c  pressures, pipt . - Row 1 

-990 
. a 4 3  
. a 4 0  
.a41 
-840 
.a41 
-851 
. 8 k 2  
. a 4 3  
~ 8 4 1  
,841 
.e41 
, 8 4 2  
.e42 
.e44 

1.009 

.998 

. 5 3 6  
-530 
.530 
-529 
- 5 2 9  
- 5 2 8  
- 5 2 9  
- 5 2 9  
- 5 2 9  
,529 
,529 
- 5 2 9  
, 5 2 9  
-531 

1.002 

1.000 
.4k9 
.425 
-425 
.424 
. 4 2 4  
-424 
. 4 2 4  
. 4 2 5  
.425 
~ 4 2 5  
a425 
. 4 2 5  
.4P4 
, 4 2 6  

1.001 

.999 1.000 

.597 .e42 
-332 , 8 4 4  
e332 . a 4 4  
e332 .E42 
.332 .e45 
,332 -844 
,333 .E44 
a332 .043 
. 3 3 3  . e 4 3  
. 3 3 3  -842 
. 3 3 3  .I343 
.334 - 8 4 4  
. 3 3 4  - 8 4 2  
.334 ,844 

1.001 1.000 

- 9 9 6  
-531 
.529 
-528 
.52e 
,527 
. 5 2 R  
e528 
-528 
,528 
-528 
.528 
. 52R 
.528 
a530 

1.002 

.999 

.444 
, 4 2 8  . 4 2 7  
~ 4 2 6  
a 4 2 6  
-426 
, 4 2 6  . 426 
,427 
-427 
k27 

,421 
421 

, 4 2 9  
1.001 

1.000 
-602 
a332 
-331 
,331 
e330 
-331 
,330 
a330 
,330 
-331 
,330 
-331 
-332 
.333 
.999 



TAE8.W 1V.- Continued 

P o i n t  

1 
2 
3 
4 
5 
t 
7 
6 
9 

1 0  
1 A  
1 2  
1 3  
1 4  
1 5  
1 6  

Pt , j /P, 

1.oc;u 
i . t j i o  
2.546 
3051C 
4 2 2 2  
5.069 
6.146 
bo676 
7.27'4 
9.344 

l(r .315 
9 0 3 b l  
C 0 6 t 2  
4.227 
20326 
I. 0L(i 

(d) Concluded 

< Sidewall  s t a t i c  p res su res ,  p / ~ , , ~  > 

0 . 8 8 8  

0 999 
724 
564 . !JOt 

. 4 7 3  

.450  
429 

0 420 
a413 
, 3 9 3  

366 
, 3 9 3  

420 
, 4 7 3  

567 
1.001 

1 . 0 0 8  

1 . 0 0 1  
0 0 4  

.596  

.59?  
5 9 6  
596  
596 

.596  
5 9 6  

.59?  
, 5 9 8  
.597 
0 5 9 t  

5 9 6  
5 9 6  

1 0 000 

x/x 

1 . 1 2 9  

t , u  

. 9 9 7  

. 4 5 3  
- 3 2 3  

3 2 4  
. 3 ? 4  

324  
325  

0 3 2 5  
0 3 2 5  
- 3 2 5  

3 2 6  
3 2 6  
3 2 6  

e 3 2 6  
e326 

1.002 

1.250 1 . 3 7 1  

.998  . Q Q 5  
60U , 6 4 4  

- 2 1 4  . 3 4 4  
8 2 1 4  e 2 6 1  
, 2 1 4  -191 
. 2 1 4  0 1  A;! 
,213 e l R ?  
0 2 1 3  ,192 
- 2 2 3  . I n 1  
0 2 1 3  . 1 R 1  
0 2 1 3  . l a 1  
, 2 1 3  .?e1 
0 2 1 4  - 1 6 7  

2 1 5  197 
0 2 1 5  0 1 4 9  

1 . 0 0 1  1.005 

, U  

1 . 2 5 0  1 . 3 7 1  1 . 5 1 0  1.630 

, 9 9 9  
564  

0 2 3 5  
236 

0737 
0 2 3 7  
.737 
.737  
. 2 3 7  
e 2 3 7  
, 2 3 7  
. 2 7 7  

238 
0 2 3 8  
, 7 3 6  

1 .001  

. 4 9 7  
,608 
.395  
-724 
0223 
. 2 2 2  
. 2 ? 2  
0 2 2 7  
e 7 7 1  
. 2 2 6  
0 2 2 0  
0 27') 
.221 
. ? 2 2  
0 39R 

1.005 

0998 
-651 

463 
- 2 7 6  
0211 
, 2 1 0  
e2 lG 
0 2 0 9  
- 2 0 9  
0 2 0 9  

209 
e 2 0 9  
.210 
0 2 1 1  
0466  

1 o O G O  

.999 
6 7 3  

0 4 6 2  
364 
239 
193 
1 8 7  
1 8 6  
1 8 6  
1 8 7  
1 8 7  
1 8 7  
1 8 7  
239 
464 

l o  000 

W 
4 



W 
W 

Lower f lap  s t a t i c  pressures,  plp c Raw 2 Row 1 

Point 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
15  

Poin t  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

pt , j 'pa 

.999 
1.517 
2 . 4 8 3  
3.520 
4.168 
5.115 
6.174 
6.674 
7.271 
9.371 

10.241 
9.318 
6.715 
4.159 
2.503 
1 . 0 0 2  

P t  , j l p m  

.999 
1.517 
2 . 4 6 3  
3.520 
4.168 
5.115 
6.174 
6.674 
7.271 
9.371 

1 0 . 2 4 1  
9.318 
6.715 
4.159 
2.503 

15  1.0C.Z 

TABLE IV.- Continued 

(e) Configuration SR5 

4 t . j  
Upper f lap  s t a t i c  pressures,  PIP > 

4 Row 2 

Row 1' 
x l x t  ," 

I 0.888 1.008 1.129 1.250 1.449 1.691 I 0.888 1.008 

.990 
,790 

796 
.794 
.7Y5 
.793 
a 7 9 1  
- 7 9 1  
e792 
- 7 0 8  
-7M9 
,787 
.791 
.794 
.796 

1 . 0 0 1  

1.000 
. 4 6 2  
- 2 4 0  
.239 
.238 
- 2 3 7  
.236 
.235 
- 2 3 5  
.?33 
- 2 3 3  
e 2 3 3  
- 2 3 4  
- 2 3 7  
- 2 3 9  

1.000 

1.003 
,513 
- 2 5 9  
~ 2 6 1  
- 2 6 0  
- 2 6 0  
a259 
,259 
.259 
- 2 5 7  
e 2 5 7  
- 2 5 7  
a 2 5 8  
- 2 5 9  
a257 
- 9 9 6  

1.002 
, 5 4 8  
. 2 4 0  
. E 4 1  
- 2 4 0  
- 2 4 0  
.239 
- 2 3 9  
- 2 3 8  
- 2 3 8  
a 2 3 8  
.237 
- 2 3 8  
. 2 4 0  
. 2 3 8  
,997 

1.001 
.631 
.468 
,225 
- 2 2 6  
- 2 2 6  
e 2 2 5  
e225 
. 2 2 4  
.224 
, 2 2 4  
. 2 2 4  
e225 
- 2 2 6  
.464 
~ 9 9 0  

1.004 
. 6 8 4  
. 5 7 9  
-464 
- 3 2 1  
.194 
.195 
.196 
- 1 9 6  
~ 1 9 4  
a194 
. I 9 4  
. I 9 4  
.321 
.478 
e996 

1.005 1.000 
~ 7 9 2  , 4 5 8  
.702 .259 
.779 , 2 4 0  
,778 .240  
,778 - 2 4 6  
.778 . 2 4 5  
.779 - 2 4 4  
.778 .244 
,777 .241 
.777 - 2 4 1  
.777 .241 
.778 . 2 4 2  
,778 .246 
.779 -2k6 
.995 1.000 

.*a5 

. q 4 3  

.a37 
-836 
-836 
.e35 
.a35 
e035 
.835 
. R 3 3  
. R 3 3  
.833 
- 0 3 6  
. e 3 9  
. e 4 1  

1.01' 

1.003 
.539 
,533 
,529 
- 5 2 9  
. 5 2 8  
- 5 2 8  
a 5 2 8  
.528 
,528 
- 5 2 8  
,527 
- 5 2 8  
e529 
,532 
.998 

1.001 
- 4 5 0  
e426 
- 4 2 5  
. 4 2 4  
- 5 2 5  
- 4 2 5  
- 4 2 5  
. 4 2 5  
. 4 2 5  
,425 
,425 
. 4 2 9  
.425 
- 5 2 7  
.998 

1.002 
~ 6 0 3  
. 3 3 3  
, 3 3 3  
- 3 3 2  
. 3 3 2  
- 3 3 2  
.333 
, 3 3 3  
.333 
, 3 3 3  
, 3 3 3  
. 3 3 4  
. 3 3 4  
. 3 3 4  

1.000 

1.000 
.540 
- 5 3 2  
,530 
- 5 2 9  
, 5 2 8  

,528 
.520 
.52R 
. 5 2 0  
~ 5 2 7  
- 5 2 8  
~ 5 2 8  
,531 
,999 

.52e 

1.002 
e 4 6 4  . 431 
. 4 2 8  
- 4 2 8  
. 4 2 8  
.427 
, 4 2 8  
s 4 2 7  
- 4 2 7  
~ 4 2 7  
~ 4 2 6  
. 4 2 B  
. cz9  
e 4 3 0  
.999  

1.002 
,613 
,335 
,335 
.333 
. 3 3 2  
, 3 3 2  
- 3 3 1  
, 3 3 1  
a 3 3 1  
- 3 3 1  
- 3 3 0  
, 3 3 1  
.333 
, 3 3 4  
.997 

x%,u 

1.129 

I .  002 
.511 
. 2 7 1  
- 2 7 3  
a272 
.272 
.270 
-269 
.266 
a266 
, 266  
e 2 6 6  
- 2 6 8  
.272 
- 2 7 0  
.99R 

1.250 

1.01)) 
- 5 6 4  
.256 
.?4R 
.Z47 

? k b  
. 2 4 5  
. 7 4 5  
.?45 
.24k 
. ? 4 4  
- 2 4 4  
.?45 
. 2 4 7  
, 1 5 3  
.997 

1,449 

1 Q 005 
ab72 
. 4 6 6  
-331 
- 2 6 0  
- 2 2 4  
,215 
- 2 1 4  
- 2 1 3  
.211 
.211 
. 2 1 1  
- 2 1 3  
,260 
-465 
,995  



\ 
TABLE IV.- Concluded 

(e) Concluded 

. A  

S i d e w a l l  s t a t i c  pressures  p/pt 

Pt, j /Pa I Point  

0 e 999 
1 le517 
2 2.463 
3 3.526 
4 4 e l t . b  
5 5.115 
6 b e  174 
7 6 . 6 7 4  
8 7,271 
9 4.371 

1 0  ' loa241 
11 9,318 
12 be715 
13 4.159 
14 2.5G3 
15 le002 

0.888 

1 e ou2 
a 725 
e 574 
m503 
a 476 
a 450 
e 4 2 9  
a 422  
e 4 1 3  
e 3 9 3  
e 387 
a 3 9 3  
a 420 
e476 
e571 
e 998 

1.008 

le003 
e612 
a597 
e596 
a 595  
,595 
e596 
e 596 
e 596 
a597 
e 5 9 7  
e596 
e596 
e 5 9 4  
e 595 
996 

X/xt y u 

1.129 

le000 
a513 
e 326 
326 

e 326 
a 3 2 6  
a 326 
e327 
e327 
e327 
a327 
e 327 
a328 
a 328 
e328 

le000 

1.190 

1 e 600 
e 5 5 1  

1.190 

la000 
a 603 
e261 e 3 5 2  
e 261 a 2 5 2  
a260 e ? 5 ?  

e 260 e 2 5 1  
* 259 e t 5 1  
i 263 e 2 5 1  
259 a 2 5 0  

e259 e 2 4 9  
259 e 2 4 8  

e259 a 249 
a 260 e250 
e 261 e t 5 2  
e 262 e 7 5 3  

le000 1.001 

I 1.250 

e a 9 8  
e 571  
e 3 5 9  
a 7 3 9  
e 9 3 8  
e233 
e239 
4 2 3 9  
a 2 7 8  
e 2 3 7  
e 2 3 7  
a 2 3 7  
e 2 3 9  
e 3 4 0  
e 3 5 2  

1.002 

1.371 ! I  % 

H 
1.002 

e 0 3 0  X 
a414  
e t B 6  
a241 
e220 
e 2 1 5  

2 1 4  
e 2 1 3  
e 2 1 2  
e 2 1 2  
e 2 1 2  
e 214 
e 241 
e 4 1 0  
a 9 9 9  



APPENDIX 

Point P , , ~ / P , .  

TABLE V.- COMPUTER PRINTOUT OF RATIO OF INTERNAL STATIC PRESSURE TO JET 

TOTAL PRESSURE FOR WEDGE NOZZLES 

x / x t  

0.886 1.035 1.264 1.430 1.601 

(a) C o n f i g u r a t i o n  W1 Fl,T Flap s t a t i c  pressure ,  pfp,,, 

bw2.+ 

x / x t  

0.954 1.012 1.056 

- 9 9 6  
- 8 0 5  
. 808  
- 8 0 7  
. B O 4  
.a05 

-. - 8 0 6  - 
- 8 0 6  
- 8 0 5  
.80*  
- 8 0 5  
. 8 0 5  

- .  bO8- 

-813 

.. . s q 9  

. 8.1 1 

1 . 0.0 5 
. 3 t 5 -  
. 9 9 9  - 

Sidewall static pressure . PfPt,j - 

x/xt 

0 . 9 5 4  1.012 

- 9 9 8  .997  
- 5 4 2  - 5 7 2  

1.056 1.076 

40 



APPENDIX 

TABU3 V.- Continued 

(a) Concluded 

Point 

1 
2 
3 
4 
3 
b 
I 
d 
c 
10 
J L  
1 2  

_. 

13 
14 
1 5  

- 16 
1 7  

_. 

Point  
- 

Wedge static pressure, PIP,,, 

Row 1 

> 

3 

xlx, 

0.817 0.920 1.012 1.029 1.082 1.158 1.251 1.396 1.567 1.737 
Pt ,, /p- 

l r G C O  
1.516 
1 .999  
3.b14 
3 . 4 r 7  
4 . L C V  
%.5>1 
: . 5 ' . 2  
7.1c4 
b.730 

I<.llU 
8 . L t . i  
5 . 5 3 7  
4 . L A 3  

j . L (  1 
2 . L L Y  
1.oco 

4 . 0 0 0  
. e 9 3  
. e 0 9  

- 8 9 0  
- 8 9 0  

.89G 

. a 8 6  

. u n o  

. b e t i  . L O 6  

.ep2 

. e $9 

. ? P y 2  
.e41 
. O J 5  

._n r p 

.9 qs 

Ir 

Row 'f Row I- 
> 

xlx, 

I 

-. . 1 1.00p- 
.. 2 &.51b .A97_ 

- -  3 1.999 . e 9 8  
4 ~~ 3 . 0 1 4  . 8 9 h  
5 3 . 4 8 7  . 8 9 h  

.. - . i . u o q 1 .  . . - . 

1 . 0 0 0  
- 4 1 5  
. 3 5 6  
- 3 6 0  
. 3 6 3  
. 3 6 3  
-362 
-361 
.35R 
- 3 5 8  
. 3 5 @  
. 3 5 0  
. 3 h 2  
.364 
.359  
.354  

1 .000  

1 . 0 0 0  
- 4 6 6  
- 2 7 4  
- 2 7 4  . 2 75 
- 2 7 4  . z 72 
.2 72 
, 2 7 0  
- 2  70 
. 2  6 9  
. 2 7 0  
. 2 7 2  
. z  73 
.273 
. 2 7 3  

1.000 

O.OR0- 
3 . 0 0 0  
0 .000  
0 . 0 0 0  
0 .000  
n.ow 
0. noa 
o . o m  
o.ono 
0 . 0 0 0  
3.ong 
0.000 
o.! Ias 
0 .000  
!I. 000  
o.ono 
"..?11 

.- . . 

__ 
. .- 

xfxt 

1.029 1.251 1.396 1.737 

. 9 9 9  

.454  
- 2 6 0  
- 2 6 0  
. Z h 3  
.Zb4 
.2b4 
-262 
.261 
.201 
.2tl 
.C62 
. z e d  
. 2 t 4  
. z o o  
. 2 5 9  

1 . 0 0 1  

0.920 

- 9 9 6  
. R e 9  
- 8 8 3  
. a 0 0  
. 8 8 0  
- 8 7 7  
. e 7 9  
.P79  

.R7R 

. 8 7 9  

. e79  

1.029 1.251 1.396 1.737 

1.000 
- 6 7 7  
a 5 1 9  
. 3 7 2  
- 2 7 7  
- 2 0 6  

. 1 1 2  

. z o o  
-143 
. 1 1 7  

4 9 4  

.FP5 . 7 = i  .519 a 5 2 1  .511 I 

!.O_O? 1 . n 0 1  . 9 9 9  . 1..002 . l . & S  

41 



APPENLIIX 

TABLE V.- Continued 

Point 

1 
2. 
3 
4 
5 
6 
7 
8 

. . ?  

-. 

.- .. 
- 

.LO.. 
11 
12 

14 
15 

- .  
- L3 

. 1 6  

.- 
-. . 

- 17. 

Point 

I .  ; .  
3 
4 
5 
b 
7 
8 
9 

10 
- 11 
- 1 2  
13 
14 
15 

.. lb 
1 7  

- - .. 

P t , j / P -  

1 .GO 
1.512 
1.988 
3.017 
3.221 
4.(135 
4 . 4 5 u  
5.C9b 
7.223 
8-83? 
9.9b3 
((_.743 
5.bu4. 
4.q4b 
3.lJL4 
2.UCb 
1.0CO 

Pt , j lP-  

l . O C , O  
1.512 
1.9tM 
3.017 
3.521 
4-03> 
).550 
5.540 
7.223 
d . 6 3 Y  
9 . 9 t 3  
8 . 7 4 3  
5. tC4 
4.646 
3.G04 
2.0bb 
1.000 

(b) Configuration W2 

t , j  
Flap s t a t i c  pressure, p lp  

X I X ,  

0.851 0.954 1 .012  

I 
1 .OOb 
.939 
.936 
a936 
.937 
.935 
. 9 3 b  
-936 
-936 
,035 
.93b 
.935 
.935 
.Y34 
.934 
, 9 3 4  
.Y93 

1 . 0 0 5  
- 8 0 7  
-803 
.bo0 
.795 
-796 
. 7 9 5  
.790 
e 7 8 2  
.780 
. 7 8 0  
. 7 8 0  
-791 
.796 
. 799  
.a01 
.996 

1.056 

1.402 
-419 
13b2 
-382 
.3@3 
a382 
.383 
.384 
.385 
.385 
.3bb 
.38t 
.3Pb 
.385 
.384 

.997 

.3a3 

Sidewall s t a t i c  pressure,  I---- 
xlx ,  

0.886 1.012 1.089 1.226 I . -  
. aIcoz  -. 1.005r.. l L u > o  1.002 

.909 .53h -650 . b 6 3  
,910 
L9.1.2 
.?11 
.91? 

.929 . -516 

.5_30 -386 
. 5 = O  . .2* 
- 5 3 0  . 192 
.52?  . __- .167. 
, 5 3 0  120 
.529 - . 0 8 L  
.529 

.5G4 
e332 
. 2 1 5  
.E49 
. 2 2 I  
-179 
.139 
.113 
.loo 
.114 
.I79 
e 2 4 7  
.333 
.49d . J9Y 

1.076 

1.007 
.597 
. 4 c 5  
,305 
-305 
-309 
-305- 
. 3 0 n  
. 3Gq 
.309 
-310 
.3ir 
..309. 
.?lo 
.31C 
.37c 
.999 

1.430 

1.3olJ 
.b70 
.51E 
.344 
. 2 8 2  
- 2 7 2  
-297 
.170 
.079 

-068 
.151 

1.001 

L o c i  
.hoc 
. 4 0 @  
.312 
.313 
.314 
-314 
.314 
.317 
.317 
.318 
.317 
. 3 1 6  
0316 
-314 
.381 

- 1. occ 

Row 2 

xlx ,  

0.954 1.012 

.. - - 
1.001 _._l.o-oz- 
- 5 2 6  .5.78 
.3b3 __  . 5 7 7  
.3b4 .573. 

.31* _ _  .573 

.385 . 5 7 3  
,386 . .>73. 
.38b .. .573 
.3b7 . 5 7 4  
.3bb .575 

.382 - 5 7 2  

.385 e 5  7 4  

*99P __  . 9 V 7  
.382 ., ,575 

1.056 

1131e 
.p12 . a 0 7  
.p05 
.n04 . e n 5  
.R95 . R 0 5  
.n03 
.p05 
.p04 . P O 2  
. 7 9 9  
. 7 9 A  
. 7 Q 4  
.794 
. 9 * 7  

. - 
1.076 

- .  
L JL7 
.954 
. 9 4 6  
. Y 4 5  
.943 
. Y 4 +  
.941 
.942 
- .94G 
.93v 
.936 
.r j5 

.. . .9 - 2.% 
.925 
. 9 2 2  
-916 
-971 

42 



APPENDIX 

TABLE V.- Continued 

Point  

1 
2 
3 
4 
5 
6 
7 
9 
7 

10 
11 
1 2  
1 3  
1 4  
1 2  
1 6  
1 7  

Point  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  

._ 

-13 - 
14 
I 5  
1 6  
1 7  

Pt,j'P, 

1.ulr3 
1 . 5 1 d  
1.4bU 
3.617 
3.521 
4.03: 
4 . 5 5 6  
5.546 
7.223 

J . C t 3  
8.743 
5 . 6 C 4  
4 . O k 6  
3 . O C 4  
2 . 6 C b  
l .O( rd  

a . 8 3 ~  

Pt,j/Pm 

1 . 0 0 0  
1.512 
1 . 4 L . U  
3.617 
3 .521  
4.635 
4.5LO 
S . 5 4 6  
7.223 
U.839 
9.963 
8 . 7 4 3  
5.6C4 
4.046 
3.  UL* 
2.C0D 
1. UL.0  

(b) Concluded 

' P1Pt.j Wedge s t a t i c  pressure 

~ I . Row 1 

X I X t  

0 .817  0.920 1.012 1.029 1.082 1 .158  

i . o w  
. Q 4 1  
.942  
.942  
.940 
- 9 4 1  
.940 
.940 
.93Q 
. 9 3 8  
.915 
. 9 3 7  
. Q 3 9  
. 7 4 0  
-941 
.941 

1 . 0 0 0  1 

.997  
- 8 9 2  
.E67  
. e 9 2  
.899 
.ti90 
. 8 R F  
- 8 9 0  
.88U 
. d 8 8  

.E89 

.891 

.8 9 2  

. ti93 

.889 
1 . 0 0 1  

. 8 8 n  

l.OC3 
.392  
.3:5 
. 3 h 3  
- 3 6 5  
. 3 h &  
.3h7  
- 3 t 0  
- 3 5 6  
. 3 5 5  
. 3 5 4  
- 3 5 k  
.35R 
. 3 6 2  
. 3 5 7  
. 3 5 1  
.997 

< Row 2 

x / x t  

0.920 1.029 

1.001 1.002 . 
. 8 0 5  .450 
. 8 9 h  - 2 6 0  . R9C . 2 6 5  
. P 9 ?  . 2 6 3  
. e 9 4  - 2 6 4  
. 8 9 4  - 2 6 4  . R97 .263  . R91 . 2 6 2  
. 6 q 9  a 2 6 2  
. 8 R 8  - 2 6 1  
. R R 9  - 2 6 2  
.e 90 - 2 6 3  ... 
.R90 - 2 6 3  
. R 9 2  .E58 -. 
. P O ?  . 2 5 8  
, 9 9 6  .998 

1.251 

1.001 
. 6  70 
.514  

. 3  3 0  

.37e  

-209 

.089 

.on9 

.090 
. O Y 1  
e 0 9 1  

1.004 - . .  1.002 1 
-466 .5.04 
. 2 7 >  .30P 
. 2 7 2 .  . ? 2 b  
. 2 7 >  . 2 2 7  
. 2  75 . 2 ? 7  
. 5 7 3  . . . .777  
. 2 7 i  .22b  
. 2 7 0  . 2 2 c  
. Z t 9  . 2 2 4  
. 2  e8 . b 2 3  

. 7 2 3  

.7Zb 
* L p b  
* 2 7 Q  -. . 
- 2 7 2  .Z26 
, 2 7 2  . 7 ? 5  
- 2  70 . 2 9 C  
- 9 9 '  - .- .9 9p- 

L.300 
. 5 S 8  
. 5 2 5  
.?e? 
- 1 5 2  
. 1 5 3  
.154 
. 1 5 5  
.I56 
. I 5 6  
. 1 5 C  
. I 5 6  
.15h 
, 1 5 5  
. 2 0 0  
. 5 7 0  
.999 

. i e 3  

. 5 1 3  
- .999 

1. 396 

I .  G_oo 
- 6 7 ' 1  
. 5 1 6  
. 3 4  5 

. u 9 7  
- 0 4 3  
. 0 4 1  

1.251 

1.003 
- 6 8 2  
.522  
. 3 8 P  
.322  
. 1 9 4  
. 0 9 1  
- 0 9 2  
.093 
.094 
.094 
.094 
- 0 9 2  
e l 7 5  
- 3 9 1  
.5 16 
-996 

1.567 

. i u s  

.h78 
, 5 2 4  
. 3 5 5  
- 3 7 2  
. ? 1 1  
. l f Z  
.339  
. 1 4 t  
. i r i  
- 0 9 1  
. i c 2  
. 3 5 1  
.2 1.0 
. 3 6 C  
. 5 2 1  

1 .001 

1.737 

I.JCC 
.693 
- 5 2 7  
.3u0 
, 2 7 2  
. 1 9 9  
.31* 
.111 
.140 
. 1 3 7  
.115 
. 1 & 3  
. 1 1 3  
. 3 ? 4  
.369 
- 5 2 3  

1 . O ) L i l  

4 Row 3 -> 

. lL0 0 2 1.000 
.hb9 .R90 
.512  . 8 P 1  
. 3 5 1  . a 7 6  
.305 .R75 
.26Q .872  
.74.c- .874  
. 1 R P  . e 7 3  . 1.6 5 .872 
. 1 2 3  .P70 

1,029 

1.007 
. 4 7 9  
. ? 6 1  
. ? 5 h  
. 2 6 #  
. ? h e  
.?5h 
- 2 6 5  
. 7 6 1  
. 7 & 2  
. 7 6 1  
- 7 6 1  
.7h4  
.Phh 
.742 
. ? 5 7  
. 9 Q h  

x l x t  

1.251 

1 . C 0 3  
- 6 6 7  
..ZL 
. 3 Q 5  
. 3 2 3  
. 1 9 5  
.b9C 
.r95 
.09h 
.097  
. e 9 7  
.e97 
- 0 9 5  
.17h  
.39P 
.51Q 
. 998  

1.396 

1.000 
. h e 6  
- 5 2 4  
.337  
. 2 P 6  
- 3 6 4  
. 3 6 4  
. 1 = 4  
.I14 
.094 
. 0 5 1  
- 0 9 5  
.I51 
. 3 R 2  
. 3 4 3  
- 5 2 1  
.OGO 

1.737 

1.300 
. b 7 9  
. 2 2 2  
. 3 6 *  . 2 64 
. j b L  
. 3 1 6  
.111 
.192 
, 1 3 9  
- 1 1 6  
- 1 4 2  
.11j 
. 3 3 3  
6 3 6 5  
~5111 

1.000 

43 
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TABLE V.- Continued 

Point 

1. 
2 
3 
4 
5 
b 
7 
6 
9 

1L 
1 1  
12 

1s 
15 
lb 
1 7  

. 15 

Point 

1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
11 
12 

14 
1 5  
16 
1 7  

- 13 

44 

. 4 9 Y  
1.55L 
2.OCS 
3.Li3 
9.526 
4.LSZ 
4.560 
5.615 
7 . 1 t 7  
b . 6 5 2  

10.242 
8.8C1 
5.611 
4.055 
3 . 6 2 4  
2.0LO 
l.iJL1 

(c) Configuration W3 

< Flap s t a t i c  pressure ,  p/p 

4 Row 1 > 

X/Xt  

0 . 8 1 7  0 . 9 2 0  1.044 1 . 1 5 8  1 . 2 6 0  

1.00b 
.947 
.945 
. 9 4 2  
. 9 4 3  
. Y S 1  
.v42 
,941 
.940 
.939 
.939 
.937 
.93Y 
.440  
. 9 4 3  
. 9 4 1  
a993  

--1*@07_. 1.0d3 1.904 
. -  .5_93 .357 .63t 

- .  .59l .357 . 7 R 4  
..592 .355 . 4 P l  

- -  .5 9_0 .355 . P P 4  
. . 5 9 0  . 3 5 5  . 2 8 P  

- . - ?P_O- . 3 5 4  .Le0 
. 5 9 0  .354 . 2 7 8  
.589 .353 .27G 
.5R9 .352 -272 
.590 .353 .27@ 
.5R9 -352 -271 

_- - . / q c  . .355 .27t 

.~ .59c_ . 3 5 7  . Z R C  
_ _  L99? . .996 .9Q6 

. 5 9 1  a356 .E79 

.590 .354 . 4 P P  

Sidewal l  s t a t i c  pressure, p/p - 
t,, 

. 9 S Y  . l.QU-0. 
1.522 -918 
2.0C5 .91Q 
3.L.23 .92n 
3.5ib . 9 2 1  
4.u52 .92@ 
4 . 5 6 0  - .q2o 
5.615 , -920 
7.107 .9_19. 
8.052 ..916 

b.IC1 .915.. 
5.611 2 1 2 -  
4.055 .91R 
3.624 .91R 
2 e GOO e911 
1 . b C l  1.000 

lv.242 .915 

1 . 0 3 5  

1 . 0 0 *  
- 5 6 6  
.567 
.567 
- 5 h b  
.*e.’ 
.5h4 
-564 
- 5 6 1  
, 5 9 9  
.557 
. 5 5 c  
.559 
.Ctl 
-561 
.St.@ 
. 0 9 4  

X/Xt 

1.264 

1 ..u3. 
b47 
4 7 6  

.302 
-301 

.997Y 

1.430 

1 . O U l  
-6b4 
.508 
-350 
0 318 
a229 
.192 
-157 
.I12 
-093 

.090 

.lbZ 

.235 

.357 

.511 

.999 

.on7 

1 . 6 0 1  

i.001- 
.6b6 
-511 
.362 
.Zb4 
,270 
.267 
.195 
.121 
a 0 8 6  
-070 
-085 
.198 
.277 
a372 
-513 

l.CO0 

- 
0 . 8 1 7  

1.002 
.947 
. 9 4 7  
.945 
.946 
.944 
. 9 4 4  
-944 
.943 
,941 
.941 
. 9 3 9  

0.920 

1.u4 
.911 
.919 
. C C 5  
. 9 c 7  
.908 
?C 6 

..906 -. 9 G 7 
-903 
.9G5 

- Row 2 

X / X t  

1.044 

1.g0z 
. 5 8 P  
. 5 8 9  
.58b 
-566 
,587 
+55t 
. 5 J t  
.5a7 
.5J8 
. 5 n b  
.:db 

1 . 1 5 8  I .  260 

i . n o z  1.002 
.357 .63R 
.3h1 . 4 : c  
. 9 t 7  . P P 9  
.162 .?9n 
. ? A 0  .2 9c 
. ?h?  - . 7 f q .  
.95P . 2 P @  
. 3 5 7  -286- 
.35& - 2 0 5  
. 9 7 5  .295 
. 3 5 5  .?9‘ 

.945 -906 e591 .3h1 .474 

. 9 s e  .99_0 . 9 9 6  .oar. .9QP , 
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TABLE V.- Continued 

Point 

1 
2 
3 
4 
5 
6 
7 
E 
9 

10 
11 
1 2  
1 3  
14 
1 5  
I6 
1 7  

Point 

I 
2 
3 
4 
> 
6 
7 
R 
9 
10 
11 
12 

- 1 3  
14 
15 
16 

(c) Concluded 

4 

- Raw 1 

t ,J Wedge s t a t i c  pressure,  p/p * 
/ 

0.817 

.990 

.94 7 

.946 

.945 

.94f 

. 9 4 4  

.743 

. Q 4 ?  

.941 

. 9 3 9  

. 9 3 R  

. 9 3 7  

.940  

.943 

.943 

. 9k5  
1.000 

0.920 

1 . O J b  
. V l G  
.9U5 
- 9 0 7  
. 9 d 4  
.YO3 
.903 

.902 

. R 9 9  

. u 9 7  

.E97 

.903 

.904  

. S O 5  

.+IO 

. 9 9 6  

.qn t ,  

1.012 

1.nii 
. 4 7 1  
. 4 7 7  
. 4 R 3  
. 4 7 c  
.474 
.472  
. 4 c o  
. 4 6 4  
.459 
.455 
.45h 
.461 
.46C 
-472 
. 4 6 5  
.SEE 

1.029 

1.0Gb 
e 4 1 3  
.4 12 
. 4 b V  
- 4 O H  
.4C7 
- 4 0 6  
. 4 0 5  
. 4 b 4  
. 4  00 
. 3 Y 7  
. 3 9 8  . 4 c 2  
. 4 0 3  
. 4 0 4  

X / X t  

1.082 1.158 

1 . C 0 3  1 . O C 3  
-426 .43L 
. 4 7 5  . 3 3 0  
.476  . 3 3 4  
.475 . 3 3 3  
.424 . 3 3 L  
. 4 ? 3  . 3 3 1  
.423 . 3 2 9  
.473 . 3 2 7  
.471 . 3 i  3 
. L 2 1  . 3 L "  
- 4 7 1  .322 
.473 . 3 2 8  
. 4 2 1  . 3 3 1  
. 4 7 7  - 3 3 2  

1.251 

1.ogn 
. h 4 7  
. 4 R R  
- 7 6 5  
.264 
-264 
.163 
.?43 
.263 
-763 
-264 
-264 
.26C 
. 2 6 7  
.266 

1.396 

1 .no1 
.C?R 
. 577  
.465  

. ? ? I  

. 1 7 7  

.I45 
- 1 4 6  
. ! 4 q  

.I40 

. I 4 7  

. 7 7 7  

. & 7 1  

. ? - Q  

. i 5 0  

1.567 

1.000 
. 6 7 3  
. 5 7 ?  
. 4 3 1  
.7:9 
. 3 1 1  
- 3 0 9  
. 1 7 7  
.39? 
.n51  
.049 
. P ~ Q  
- 1 8 3  
- 3 4 0  
. & G O  

1.737 

1 .uC.i 
. b 7 7  
.522 
.325 
. 3 F u  
.211 
.13b 
.A17 
.24  3 
.13c 
. 3 v >  
.0v5 

. 2 C 3  

.j17 

. 3 3.1 

-406 .424 .377 . 4 9 8  . 5 7 0  .525 .513 
.9YL . 9 9 7  .uua .999_ . O Q Q  1 . 0 c r  . 9 c 9  1 

I_ 
0.920 

1.C00 

.Ol I 

.010 

. Q 1 3  

.909 

.9on 

. 9 0 7  
- 9 0 5  
. 9 c 7  
.901 
.qon 
.9@4 
.QOh 
.qn7 
. O P P  
: 999 

. o i n  

1.029 

1.001 
. 3 9 3  
-392 
.397 
. 3 9 7  
.a96 
. 3 9 5  
.394 
. 3 4 4  
- 3 9 0  
. j u t )  
. 3 H 9  
-390 
.393 
.393 
.388 
. 9 9 8  

x/xt  

1.251 

1.003 
.041 
.48i 
.26b 
. 2 0 4  
-264 
- 2  6 4  
- 2 6 1  
-261 
.260 
-260 
,261 
-263 
.265 
.2b6 
- 4 8 1  
. 9 9 7  

I 1.396 

. 9 4 7  1.001- 

.6c5 . h 6 3  
- 5 1 0  .535 
. 3 @ 7  . 3 3 7  
a 3 1 5  .307 
,231 . 2 6 0  .1u . - . 2 j 2  
.I35 . ? 3 1  . 1.3 1 . . i 7 4  
.13@ . 1 4 4  
.13? .I10 
-133 . 1 3 5  

0.920 

1 . o c 1  1 . 905 
. P O 8  
.595 
. R 9 h  
.e94 
,804 
. d o 5  

-891 
. 891  
.R90 
. a 9 7  . P 94 
. e95  
. P 9 Q  
.996 

. P Q C  

x/xt  

029 1.251 1.396 I. 737 

F O ~  1.004 1 . 0 c 1  1.0u0 
1 9 6  . e 5 9  .674 . 6 73 
3 9 h  . L 9 2  .*23 J 1 5  
a 0 5  . 74P  . 4 5 0  , 3 1 7  
39P . ? 6 4  . 3 2 7  . 3  7 9  

. ? h 7  

.?66 

.2h5 
- 2 6 5  
. ? 6 h  
. ? b 9  
. 2 t 7  
. 7 b 7  
. 7 6 q  
. 76P  
. 5 0 0  
- 9 4 5  

.2?4 

. 1 P ?  

. 1 5 1  

.147 
- 1 4 6  
e 1 4 7  
. I 4 8  
.lf5 
- 2 2 4  
.457 
- 5 2 4  
.999 

.211 

.220 
- 3 U b  
.232 
. 0 9 5  
.0c5 
.136 
-326 . L O 1  
- 3 0 9  . > A 7  
. Y 9 9  

45 
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X / X t  

0.817 0.920 1.044 1. I58 1.260 
P t  , j’P” P o i n t  

- .. 
.. 1 
2 

4 
5 
6 
7 

9 
10 
11 

. i2 
- 1 r 

14 
15 
16 
17 

- 3  

- s 

.. 

P o i n t  

1 
2 
3 
4 
5 

. .. 

X / X t  

0.817 0.920 1.044 1.158 1.260 

TABLE: V. - Continued 

(d) Configuration W4 

-909 1.006 
1.4t3 -950 
2.015 .947 
2.943 -942 
3.512 .9*3 
4+C42 .941 
4.610 -942 
5.602 -941 
7.237 -941 
8.850 .940 
9.99b .939 
8.815 .939 
5 . 5 %  .939 
4 . C L 4  .938 
Z . Y F V  .938 
2.011 .94J 
1. (rQ1 .v94 

1.003 
- 3 6 4  
,355 
,357 
,356 
~ 3 5 6  
,355 
.354 
.353 
,353 
. 3 5 4  
, 3 5 4  
!355 
-356 
.357 
.333 
,997 

1.003 1.CO1 . 
~ 6 5 5  .949 
.479 . 9 4 5  
.PFI .945 
.281 . 9 4 6  
.279 .944 
.??e. .944 
.?75 .943 
-772 .942 
e270 . 9 4 2  
.267 -941 . 2 6.8 .941 
.277. .941 
.P75 .943 
- 2 7 5  .943 
.477 .143 
.99t .999 

r- Sidewall  s t a t i c  pressure, p/pt . 
’I _I 

.357 

.324 
-238 
-196 
-163 
.112 
.690 
e092 
.J92 
-163 
-237 
e 3 6 0  
.509 

1.004 

. . __ 
1.093. 

. 5 8 8  

.58d 

.585 
:585 

. .  .586 
~ 3 3 6  
, 2 8 6  
.586. 
.5ua 
.590 
.589 
. 5 a ~  
.599 
. 5 U 8  
..5 8 s 
.997 

- .._ 

-I _ -  
l20C3 
-666 
- 4 7 1  
-314 
.312 
.311 

.. -351 
.2c1 

~~ .2ej 
-274 
3271 
_.273 
..278_ 
.281 
. 2 P 5  
. 4 t  7 
.907 , 

46 
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TABLE V.- Continued 

Paint  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

I 17 

Point  

1 
2 
3 
4 
5 
6 
7 
d 
9 

10 
A1 
12 
1 3  
14 
15 
16 
17 

pt,,/p'- 

. Y S V  
1.463 
2.015 
2.9S3 
3 . 5 1 2  
4 . U 4 2  
4.610 
5.6C2 
7.227 
d.856 
9.956 
a.ii3 
5.596 
4.054 
2.499 
2.i)ll 
1.GLI 

Pt,j/P'- 

.949 
1 . 4 b 3  
2.bl5 
2.943 
3.512 
4.042 
4.tlb 
5.bi.1 
7.237 
8.656 
9.956 
8.815 
5.596 
4."54 
2.9,49 
2.011 
I. 001 

(d) Concluded 

Wedge s t a t i c  pressure,  p/pt,, ~ 

i . n o i  
-952 
- 9 5 1  
.947 
.945 
.94h 
.944 
.943 
. 9 4 2  
.940 
. V 3 P  
. 1 3 R  

. 9 4 3  

.944 

.047 

. 0 9 8  

. . w n  

0.920 1.012 

.998 1.004 
-905 .47R 
.go1 .47h 
,904 - 4 5 1  
.902 .4 74 
.903 .477 
.901 .475 
- 9 0 3  .472 
. q n i  - 4 b R  
.b9$ -464 
.897 .459 
. 8 9 P  .459 
.902 .4tk 
-903 .4t7 
.a05 e471 
. 9 0 1  . 4 C 5  

1.cc2 .995 

- Row 2 L 

1.002 
.395 
* 3 9 4  
.397 
-396 
-396 
.395 
.393 
e391 
.3U8 
. 3 8 b  
.386 

1.002 
-652 
. 4 7 P  
-266 
.26& 
-264 
-263 
-261 
.259 
.258 
.E56 
.2 57 

1.029 

1.004 
.413 
.*I2 
. 4 b 9  
.406 
.406 
-406 
.4C5 
. 4 0 3  
* 39Y 
e 3 9 b  
-396 
.+LO 
.402 
. 4 0 2  
.4@2 
.9Y5 

- 1 3 6  
-136 
.la7 

. .13R 
.- * 14.1 
. .  .22l 

.413 

... . 

- 

1.082 

1 .001  
.427 
-420 
.427 
.475 
- 4 2 5  
.4?5 
.424 
.423 
.422 
.422 
. 4 2 2  

.425 
- 4 7 7  
-425 

.42$ 

.qqa 

1.737 

i_.ngi. 
.692 
-505 
.358 
. 3 0 9  
-270 

.- - 7-1 9 

-150 
.?C7 

,932 .389 .260 
.PO3 -391 -261 
- 9 0 5  a 3 9 1  -262 .. 
,906 . 3 8 7  -478 .512- .. e505 

1.@00 -996 -996 . l . O _ O O  .997 

x/xt  

c 

. .  _. 7 1 e-. 
-267 . 
. 3 5 1  

1.158 1.251 

1.00Q .1rooo. 
.47Y -664 
-328 .495 
.333 -266 
. $ 3 i  .265 
.332 .265 

.3iq -264 
-326 -263. 
-323 . 2 5 4  
. J 1 9  .265 
-321 ,.265 
-3.56 ..265. 
-329 -267 
-331 .Z6P 

.3?1.. . .7b> 

. 3 2 4  .490 
.- .99', . .49 9 . 

. -  

0.920 

1.000 
. 9 0 9  
-900 
.EO6 
.RO7 
. P 9 b  
.897 
. P 9 h  
-896 . R 94 
. e 9 1  
.892 
.e94 
.R94 
~ 8 9 4  
-896 
.996 

1.396 

n.cm 
0.nnrl 
').ow 
n.noo 

0.009 

o.on0 
n.000 

0.000 

9.900 
0.001 

1.567 

. Q09 

. b e 8  

.519 

.446 

.259 

.325 

.?e5 

. l P C  

.964 

. 0 5 6  

u 

+ 

1.737 

l..OOl 
. b 9 4  
-519 
- 3 3 7  
. 3 %  
.2( 9 
-232 
.310 
.E37 
.134 

Row 3 -4 

1. C O ?  
-665 
.4R 5 
.7b7 
.2hl 
.266 
.?h5 
.765 
, 2 6 5  
.ZF6 
, 2 6 8  
.2hP 
-767 
- 2 6 7  
. 267  
.493 
.996 

1.000 
.hPQ 
-520 
.444 
.330 
-232 
.178 
.1c2 
- 1 4 R  
-147 
e147 
.149 
. 1 5 6  
.225 
-450 
.522 

1.000 

1.000 : 
-690 
.5 12 
e 330 
.387 
.209 
-231 
.308 
-240 
. 3 P 8  
.u99 
- 1 3 5  
-329 
.201 
-311 
.514 
. 999  

47 
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TABLE V.- Continued 

Pa i n  t 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 

Point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  

48 

P , , j k  

.999 
1.514 
2.010 
3 . 0 4 3  
3.517 
4.072 
4.561 
5.619 
7.177 
9.258 
7.154 
5.667 
4 . 0 5 0  
3.014 
1.990 
1 .061 

Pt , j 'p- 

.999 
1.514 
2.016 
3 . 0 4 3  
3.517 
4.072 
4.561 
5.619 
7.177 
9.258 
7.154 
5.6C7 
4 .050  
3.014 
1.990 
1 .001 

(e) Configuration W4 (G20) 

t . j  - Lower f l a p  s t a t i c  pressures ,  PIP  Upper f l a p  s t a t i c  pressures,  pip 

1.003 
.949 
.949 
.947 
.948 
.947 
.Y47 
.947 
.Y48 
- 9 4 6  
.949 
.948 
.947 
. 9 4 7  
.948  
.995 

. 9 9 7  
,934 
. 9 3 4  
. 9 3 1  
,932 
. 9 3 1  
, 9 2 8  
. 9 3 1  
. 9 3 1  
.930 
.917 
.97? 
.933 
.933 
.917 

1.001 

1.091 
. 5 7 0  
- 5 6 9  
.5bR 
- 5 6 8  
- 5 6 8  
.568 
,568 
.569 
.569 
:569 
- 5 6 9  
.569 
.569 
- 5 6 8  
.Q99 

1.002 
.355 
.353 
,357 
-356 
-356 
.355 
.355 
.355 
.355 
.355 
~ 3 5 6  
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APPENDIX 

- Wedge s t a t i c  pressures, plp,,,  

A - Row 1 
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. o  

5-percent thickness rot io porollel 
to model center l ine 
50.80-cm chord at  model 
center line 

Toto1 - pressure 
Total - t probes 

probe 

Typical section in instrumentat ion section 

Figure 1.- Sketch of air-powered n a c e l l e  model with typical nozzle conf igura t ion  i n s t a l l e d .  
A l l  dimensions are i n  cent imeters  un less  otherwise noted. 
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. xe = 11.557 - 

rC1 __ he = 2.992 

+-Xt - 5 . 7 7 9 4  - xs i 
Configuration At, crn2 A,, cm2 p. deg. A,/At A R  x s  

C1 27,911 3 0 T  111 1 . r  3 . r  11.557 
c2  9.398 
c3 7.239 

Configuration C1 

Configuration C2 

Configuration C3 

L-79-155 
(a) Configurations C1, C2, and C3. 

Figure 2.- Sketches and photographs of nonaxisymmetric convergent-divergent 
nozzle configurations showing important dimensions. All dimensions are 
in centimeters unless otherwise noted. 
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- xe = 11.557 -1 

T- 
7.066 

- xt = 5.779 _ t l  

Conf igurat ion C4 

/ 

Configurat ion C5 

Conf igurat ion At. c" A,. cm2 p, deg. Ae/At AR xs 
c 4  27.911 50.155 10.73 1.797 3.696 11.557 
c 5  
C6 J 1 J 1 J ;:Z 

(b) Configurations C4, C5, 

Conf igurat ion C6 

L-79-156 
and C6. 

Figure 2. - Continued. 
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(c) Configurations C7 and C8. 
L-79-157 

Figure 2.- Continued. 
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(d) Configurations C9 and ClO. 

Figure 2.- Continued. 
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L-79-159 
(e) Configurations C11, (212, and C13. 

Figure 2. - Concluded. 
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Configuration S R l  Configuration SR2 
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2 
'SR3 \ 

SR1 

At  = 25.799 cm2 

Ae, = 31.890 crn2 

= 39.450 cm2 'e, e 

(Ae/At)e = 1.529 

AR = 3.999 

(Ae/At)i = 1.236 

Configuration SR3 

L-79-160 
(a) Configurations SR1, S R 2 ,  and SR3.  

Figure 3 . -  Sketches and photographs of single-ramp expansion nozzle 
All dimensions are configurations showing important dimensions. 

in centimeters unless otherwise noted. 
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Con f igu ra t i on  SR4 Con f igu ra t i on  SR5 

L-79-161 
(b) Configurations SR4 and SR5. 

Figure 3.- Concluded. 
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WeCqe Emrdinales 

X hJ2 

13.W5 0.m 
16.535 2.m 
18872 3.581 
19.177 1.5% 
20.168 3.325 
21.7% 2.@5 
23.33 2.329 
2 5 . m  1.548 
27.965 1.067 
3.m 0.m 
33.109 0.m 

Conliguralion A I ,  cm2 cm2 Ae,e, cm2 IAJAIIi lAJAlie AR x ~ .  cm 6”. dep 
W1 25.900 31.598 98.655 1.220 3 . W  3.981 32.207 of1 
WllV5l I I I 

I d ”  . I 

Conliguration W I  Configuration W2 

L-79-162 
(a)  Configurations W1 and W2 with and without vector f lap .  

Figure 4.- Sketches and photographs of wedge nozz le  configurations shuwing important dimensions. 
A l l  dimensions are in centimeters unless  otherwise noted. 



W d w  cmrdinater Mantical to w1 and w 

Configuration W4 Conliguration W3 

(b) Configurations W3 and W4 with and without vector flap. 
L-79-163 

Figure 4. - Continued. 



Flowpath geometry downstream of this 
station identical to configuration W 4  

L '. 

Configuration W4(G201 

( c )  Gimbal conf igura t ion  W4 (G20). 

Figure 4.- Concluded. 

L-79-164 



A,/At = 1.089, AR = 3.696, p = 1.21' 

P 
i 

W 

W 
- 

1.04 

1.00 

.96 
1 3 

(a) Configuration C1.  

Figure 5 . -  Variat ion of nozz le  thrust  r a t i o  and discharge c o e f f i c i e n t  with 
nozz le  pressure r a t i o  for  2-D convergent-divergent nozz le s .  Flagged 
symbols ind ica te  data taken as nozz le  pressure r a t i o  w a s  decreasing.  
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1.00 

-96 

.92 

= 1.089, AR =’ 3.696, p = 1.21’ *JAt 

(b) Configuration C2. 

Figure 5.- Continued. 
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= 1.089, AR = 3.696, p = 1.21' Ae/At 

P 
i 

W 

W 
- 

- ="1 3 9 11 

(c) Configuration C3. 

Figure 5.- Continued. 
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10.73' 

1.04 

W 
- wp 1.03 

i 

.96 

(d) Configuration C4. 

Figure 5.- Continued. 
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F - 
Fi 

A / A  = 1.797, AR = 3 .696 ,  p = 10.73’ e t  
1.00 

.96 

. 9 2  

.88 

.80 

P 
W 
- 
“i 

3 5 7 9 11 
p t ,  j’pm 

(e) Configuration C5. 

Figure 5.- Continued. 
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A / A  = 1.797, AR  3.696, p = 10.73' e t  

(f) Configuration C6. 

Figure 5. - Continued. 
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E3 
A,/At = 1.797, AR = 3.696, p = 10.73' 

(9) Configuration C7. 

Figure 5.- Continued. 
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.88 

.84 
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A,/At = 1.797, AR 3.696, p L: 10.73'  

p t ,  j/Pm 

(h) Configuration C8. 

Figure 5. - Continued. 
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A / A  = 1.397, AR = 3.696, p = 5.40' e t  

1. 

1. 

(i) Configuration C9. 

Figure 5.- Continued. 
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p,,/At = 1.797, AR a 3.696, P = 14.25' 

(j) Configuration C10. 

Figure 5.- Continued. 
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A,/A~ = 1.248, AR = 3.696, P = 5.38' 

1. 

(k) Configuration C11 . 
Figure 5.- Continued. 
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A,/At = 1.797, AR = 3.696, p = 5.76' 

: I  
:I 
I 

1.04 

W 
- .'I 1.00 

1 

.96 
1 3 5 7 9 11 

P , , j k  

(1) Configuration C12. 

Figure 5.- Continued. 
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i 

E 

A,/At = 1.797,  AR = 3.696,  p = 5.76' 

1.00 

.96 

.92 

.88 

.84 

.80 

(m) Configuration C13. 

Figure 5. - Concluded. 

75 



Pt, j /Pm 

(a )  Conf igura t ion  S R 1 .  

Figure  6.- Var i a t ion  of nozzle  t h r u s t  r a t i o  and d ischarge  c o e f f i c i e n t  
wi th  nozz le  p re s su re  r a t i o  fo r  single-ramp expansion nozzles.  
Flagged symbols i n d i c a t e  data taken as nozzle  p re s su re  ra t io  
w a s  decreasing.  Dashed l i n e  i n d i c a t e s  va lues  of r e s u l t a n t  
gross t h r u s t  ra t io  Fr/Fi. 
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F - 
F i  

P 
i 
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W 
- 

1.00 

.96 

.92 

-88 

.84 

.04 

.oo 

.96 

(Ae/At)i = 1.236, (Ae/At)e = 1.529, AR = 3.999 

1 3 5 7 

Pt, j / P m  

(b) Configuration SR2.  

9 11 

Figure 6.- Continued. 
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. . ---- 

1.00 

- 9 6  

.92 

.88 

.84 

(Ae/At)i = 1.236, (Ae/At)e = 1.529, AR = 3.999 

p t ,  j / P m  

(c) Configuration SR3.  

Figure 6.- Continued. 
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(Ae/At)i = 1.236, (Ae/At)e = 1.529, AR = 3.999 

1.00 

.96 

.84 

1 3 5 7 9 11 

Pt, j/Pm 

(d) Configuration SR4.  

Figure 6.- Continued. 
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(Ae/At)i = 1.236, (Ae/At)e = 1.529, AR = 3.999 
1. 

P t  , j / P m  

(e) Configuration SR5. 

Figure 6 . -  Concluded. 
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1.00 

.96 

.88 

.84 

m 
(Ae /A t )e  = 3.81, xs = 32.21-cm (Ae /A t )e  = 3.81, xs = 32.21-cm 

(a )  Conf igura t ion  W1. 

Figure  7.- Var ia t ion  of nozzle  t h r u s t  ra t io  and d i scha rge  c o e f f i c i e n t  wi th  
nozz le  pressure r a t io  for wedge nozzles.  Dashed l i n e  i n d i c a t e s  r e s u l t a n t  
t h r u s t  ratio (Fr/Fi)  and f lagged symbols i n d i c a t e  d a t a  taken as nozzle  
pressure r a t io  w a s  decreasing.  AR = 3.983; (A,JAt)i = 1.22. 
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D+ 
= 3.81, xs = 32.21 cm, 6, 

6V 

= 50 

YU 
1 3 5 7 

P t  , j / P m  

(b) Configuration W1 (V5). 

Figure 7.- Continued. 
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I 

m + v  

(Ae/At)e = 3.81, xs = 32.21 cm, 6v = 10' 

96 

92 

88 

84 

80 

(c) Configuration W1 (V10). 

Figure 7.- Continued. 
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'e, 

= 3.81, xs  = 32.21 cm, 6" = 20' 

(d) Configuration Wl(V20). 

Figure 7.- Continued. 
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(A,/At)e e+ = 3.81, xs = 28.47 cm 

1 

(e) Configuration W2. 

Figure 7.- Continued. 
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1.11. , . -. . - . 

F - 
Fi 

1.00 

.96 

.92 

.88 

.84 

(Ae/At)e = 2.98, xs = 32.21 cm 

(f) Configuration W3. 

Figure 7. - Continued. 
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(A,/At)e = 2.98, x s  = 32.21 cm, 6, = 5' 

(9) Configuration W3 (V5). 

Figure 7.- Continued. 
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1.04 

W - ,vlp 1.00 
i 

.96 
t 

P t  , j/P, 

( h )  Configuration W3(VJO). 

Figure 7.- Continued. 
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(A,/At)e = 2.98, xs  = 32.21 cm, 6, = 20’ 

1 

Pt , j/Pm 

(i) Configuration W3(V20). 

Figure 7.- Continued. 
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1 

(A,/At)e = 2.98, xs = 28.47 cm 

Pt , j/Pm 

(j) configuration W4. 

Figure 7.- Continued. 
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( A e / A t ) e  = 2.98 ,  xs = 28.47 cm, 6, = 5' 

1.01 

-96 

.92 

.88 

. a4 

. a0 

(k) Configuration W4 (V5). 

Figure 7.- Continued. 
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(A,/At)e = 2.98, xs = 28.47 cm, 6, = 3.<(forward f l a p )  

1. 

(1) Configuration W4 (FV5).  

9 

Figure 7.- Continued. 
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(A,/At)e = 2.98 ,  xs = 28.47 cm, 6, = 10' 

1.00 

.96 

.92 

.88 

.84 

.80 

(m) Configuration W4 (I71 0). 

Figure 7.- Continued. 
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. r." 

4 
(Ae/At)e = 2.98, xs = 28.47 cm, 6,  = 20' 

1 

(n) Configuration W4 (V20). 

7 

Figure 7. - Continued. 
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-L&+& 
( A e / A t ) e  = 2.98 ,  xs = 28.47 cm, 6,  = 28(9imbaled)  

1. 

(0) Configuration W4 (G20). 

Figure 7. - Concluded. 
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m m 

Conf. p, deg A,/At 

0 C11 5.38 1.248 
0 C9 5.40 1.397 
0 C12 5.76 1.797 

12 

8 

-8 . . . .  
. . . . . . . . . .  

. . . . .  
----__ -12 

1 3 5 7 9 11 

Conf. p, deg AJAt 

0 C1 1.21 1.089 
0 C9 5.40 1.397 
0 C4 10.73 1.797 

Conf. p, deg A,/At 

0 C10 14.25 1.797 
0 C4 10.73 1.797 
0 C12 5.76 1.797 

. . .  

. .  -_________- . . . . .  . . . .  -. . . .  ........ . . . .  

f 

1 3 5 7 9 

(a )  E f f e c t  of  expansion ra t io ,  f l a p  length ,  and divergence angle. 

Figure 8.- E f f e c t  of nozzle  geometric parameters on r e s u l t a n t  t h r u s t  vector  angle  of nonaxisymmetric 
convergent-divergent nozzles.  Flagged symbols i n d i c a t e  data taken as nozzle  p re s su re  r a t i o  was 
decreasing and ta i led  symbols i n d i c a t e  r epea t  runs. 
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Ae/At - 1.089 

l l  P 
A,lAt 
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1 li 

- 1.797 

Ae/At = 1.797 
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r 5 
9 11 

Sidewall, 
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63 
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5 idewa I I ,  
percent 

100 
63 
25 

Sidewal I, 
percent 

100 
Open edges 
Open middle 

Conf. e.: S idewa I I, 
percent 

100 
53 

(b) E f f e c t  of s idewal l  length,  AR = 3.696.  

Figure 8 . -  Concluded. 
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' s t a t i c  
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0 

-4 

-8 

- 12 

Figure 9.- 

1 3 5 7 9 11 

P t  , j / P -  

E f f e c t  of sidewall  geometry on r e s u l t a n t  t h r u s t  vector  angle  of 
single-ramp expansion nozzle. 
nozzle  p re s su re  r a t io  was decreasing.  

Flagged symbols indicate da ta  taken a s  
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w1 

4 

% t a t i c  0 

-4  

W2 

ii 
II 
II 

i 
l i  
1 

Conf. 

w 1  
w2 
w3 

w4 

iiiiii 
I t l l l l  
I l~ l i l  
il i l l  

li!lll 
l f l l l l  

iiiti 
tlfll 

I I l l l  
Iltil 

5 

ew3 w4 

(Ae/At 1 e S idewal l  

3.809 Long 

3.809 Shor t  

2.982 Long 

2.982 Shor t  

9 11 

(a) E f f e c t  of e x t e r n a l  expansion ra t io  and s idewa l l  l ength .  

Figure 10.- E f f e c t  of s e v e r a l  nozzle geometr ic  parameters on the  r e s u l t a n t  
t h r u s t  vector  angle  of wedge nozzles.  Flagged symbols i n d i c a t e  d a t a  
taken  as nozzle  p re s su re  r a t io  was decreas ing  and ta i led symbols ind i -  
cate repeat runs.  
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Conf. 6,, des 

- 

0 Wl(V5) 5 
0 Wl(V10) 10 
A wi(v20) 20 

' s t a t i c  

(b) E f f e c t  of vector  angle. ( A e / A t ) e  = 3.809; long s idewal l .  

F igure  70.- Continued. 
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20 

16 

12 

' s t a t i c  a 

4 

0 

-4 
1 

A W3 (V20) 20 

3 5 7 

P t  , j / P m  

9 11 

(c) E f f e c t  of vec tor  angle.  (&/At). = 2.982; long s idewal l .  

F igure  10. - Continued. 
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0 
0 

A 
0 

t a  t i c  

20 

16 

12 
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-4 

w4 

W4(V5) 

W4(V10) 
W4 (V20) 

5 

10 
20 

1 3 5 7 9 11 

p t ,  j / P m  

(a) E f f e c t  of vector  angle. ( 4 / A t ) e  = 2.982: s h o r t  sidewall .  

Figure 10.- Continued. 
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' s t a t i c  
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Conf. 

0 w4 
Q W4(V5) 
0 W4( FV5) 

i i mi 
IIItii 
iitm 
iillll 
IKIl 

llliln 
lliiltl  

( A e / A t )  = 2.982, s h o r t  s 

3 5 

dewall 

5.0 

3.5 

(e) Effect of vec tor  f l a p  loca t ion .  

F igu re  10.- Continued. 
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ta !t i C 

24 

20 

16 

12 

8 
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-4 
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Conf. Vector type 6,, deg 

0 w4 
W4(G20) gimbal 20 

0 W4(V20) flap 20 

- - 

(Ae/At)e = 2.982, short sidewall 

3 5 7 

Pt , j/P, 

( f )  E f f e c t  of vec to r ing  type. 

9 11 

Figure 10.- Concluded. 
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dpt ,  j 

0 1.48 a 3-51 
0 1,74 0 4,02 

0 5.06 0 2 , O O  
D 2.50 0 8.28 
d 3,OO 0 9.55 

Configuration C4 Upper flap centerline, row 1 Sidewall centerline, row 3 

.1 

0 
.6  . 8  1.0 1.2 1.4 1.6 1.8 2.0 , 

x/xt 

6 . a  1.0 1.2 1.4 1.6 1.8 2.0 

Figure 11.- E f fec t  of nozzle pressure ra t io  on nonaxisymmetric convergent-divergent nozzle i n t e r n a l  
s ta t ic -pressure  d i s t r i b u t i o n s .  Configuration C4; Ae/At = 1.797; f u l l  sidewall .  Dashed l i n e s  
ind ica t e  approximate f a i r ing .  



Pt,{Pm = 9.07 

Configuration 
0 c4 

c5 

c7 
C8 

Upper flap centerline. row 1 0 C6 Upper flap edge, row 2 

x/xt 

Figure 12.- Effect of sidewall geometry on nonaxisymmetric convergent-divergent 
nozzle internal-flap static-pressure distributions. &/At  = 1.797. 



Pl,j/Pm = 6.18 

Configuration 
0 SRl 
0 sR2 
0 sR3 

SR4 
SR5 

Upper flap edge, row 2 Upper flap centerline, row 1 

Figure 13.- Effect of sidewall geometry on single-ramp expansion nozzle 
static-pressure distributions. Upper flap. - 
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pt,{pm = 4.06 

Configuration Vector angle, deg 
0 w4 0 
0 WU(G20) 20 

Sidewall, row 1 Uooer flaD centerline. row 1 . .  . 
1.0 

.9 

.8 

.7 

.6 

P1Pt.j .5 

. 4  

. 3  

.2 

.1 

0 
8 1.0 .8 1.0 

1 
1 c 
1 
1.2 1.6 

Upper wedge centerline. raw 1 

.8 1.0 1.2 

1 
1 1.4 

x l x t  

Figure 14 . -  E f f e c t  of gimbal vector angle  on wedge nozz le  internal  
pressure d i s t r i b u t i o n s .  (Ae/At) e = 2.982; short  s idewal l .  
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Ae/At P, de9 xe, cm 

C 1  1.089 1.21 11.557 

_ _ _ _  
~ C9 1.397 5.40 11.557 

C4 1.797 10.73 11.557 -- 

F - 
Fi 

1.00 

.96 

.92 

.88  

. a 4  

.80 

.76 

- P l.ooi'lll I I  

3 5 7 9 11 

w .  

(a)  Constant  l eng th ;  v a r i a b l e  %/At  and p.  

Figure  15.- E f f e c t  of s e v e r a l  nozzle  design parameters on 
nozz le  t h r u s t  r a t io  and d ischarge  c o e f f i c i e n t .  
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Ae/At P. deg xe, cm 

C 1 1  1.248 5.38 9.398 

C5 1.397 5.40 11.557 

C12 1.737 5.76 16.637 

---- 
-- 

1.00 

h 

w . P - 

1 3 5 7 9 11 .96 

P,,j’Pm 

(b)  Constant  p; v a r i a b l e  Ae/At and length .  

Figure 15.- Continued. 
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1 0 . 0 8 g 5 =  

C10 1.797 14.25 

C4 1.797 10.73 11.557 ---- 
-- C12 1.797 5.76 16.557- 

1.-- 

w - 
W .  

P - 

(C) Constant  A,/At; v a r i a b l e  p and length .  

F igure  15. - Concluded. 
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1.00 

.96. 
F 

~ 

Fi 

.92 

11 

I 

(a)  A e / A t  = 1.089; AR = 3.696; xe = 11.557. 

Figure  16.- E f f e c t  of  s idewa l l  l eng th  on nozz le  t h r u s t  ra t io  
and d ischarge  c o e f f i c i e n t .  
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1 

(b) Ae/At = 1.797; AR 3.696; X, = 11.557. 

Figure 16. - Continued. 
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c13 

_ _ _ _ _ _  
0.532 

(c) %/At = 1.797; AR = 3.696;  xe = 16.637.  

F i g u r e  16. - C o n c l u d e d .  
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1 3 5 7 9 11 

Figure 17.- E f f e c t  of s idewal l  geometry on nozz le  thrus t  r a t i o  and discharge 
c o e f f i c i e n t .  Ae/At = 1.797; AR = 3.696; xe = 11.557. 
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- - _ _ _  SR4 --p 
- SR3 w 

(A,JA+)i = 1.236, (Ae/At)e = 1.529, AR = 3.999 

F - 
Fi 

1.00 

.96 

.92 

.88 

.84 

1.00 

P 
W - 
‘i 

.96 I 

(a) Configurations SR1, SR3, and SR4. 

Figure 18.- Effect of sidewall geometry on nozzle thrust ratio 
and discharge coefficient. 
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S R4 
S R2 

(Ae/At)i = 1.236, (A,/At)e = 1.529, AR = 3.999 
1 nn 

IIIIII 
1-0° II I I I I 

_“n IIIIII 
‘i IIIIII 

.96 111111 
3 5 7 9 11 1 

Pt , j / P w  

(b) Configurations SR2,  SR4,  and SR5.  

Figure 18. - Concluded. 
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(Ae/AtIe Xss cm 

w3 2.98 32.21 

_------ W4 2.98 28.47 

--- w 1  3.81 32.21 

- - W2 3.81 28.47 
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F - 
Fi 

. 00 

-96 
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.88 

.84 

1.04 

W 
- wp 1.00 

i 

.96 
1 3 5 7 

Pt , j/Pm 
9 11 

Figure  19.- E f f e c t  of  e x t e r n a l  area ratio and sidewall l eng th  on nozz le  
t h r u s t  ra t io  and d ischarge  c o e f f i c i e n t .  
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6"' deg 

w4 Flap o f f  

W4( V5) 5 - - - - - - - 

- - W4(V10) 10 

W4 (V20) 20 --- 
1 

(a) ( 4 / A t ) e  = 2.98; xs = 28.47 cm.  

Figure 20.- E f f e c t  of vector f l a p  angle on nozz le  thrus t  r a t i o  
and discharge c o e f f i c i e n t .  
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d,, deg 

w3 Flap of f  

W3(V5) 5 _ _ - - - -  
- - W3(V10) l o  

W3( V20) 20 --- 
1. ̂ ^ 

1.04 

- ;p 1.00 
1 

1 3 5 7 9 11 
,96 

P t  , j / P m  

(b) (Ae/At),  = 2.98;  xs = 32.21 cm. 

Figure 20.-  Continued. 
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6,, deg 

w1 Flap  off 

Wl(V5) 5 

- Wl(V10) lo 

Wl(V20) 20 

----- 

--- 
I.UU 

.96 

.92 

.84 

.80 

.76 

(c) (Ae/At)e = 3.81; xs = 32.21 cm. 

Figure 20.- Concluded. 
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( A , / A t l e  Conf igu ra t ion  

3.81 w1 

2.98 w3 ----- 
Flap off 

6" = 5O 

6" = loo 

6" = zoo 

9 11 7 5 
1 3 ~ t ,  j / P m  

Figure 21 .- E f f e c t  of expansion f l a p  l e n g t h  (external-expansion ra t io)  
on nozzle t h r u s t  ratio.  xs = 32.21 cm. 
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F l a p  o f f  

6" = 5 O  

6" = loo 

6" = 20° 

x s y  cm Configurat ion 

32.21 w3 

28.47 w4 - - -__  

Iff 

0 

Figure 22.- E f f e c t  of s idewal l  l ength  on nozzle  thrus t  r a t i o .  
( & / A t ) e  = 2.98. 
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F - 
Fi 

.96 

.92 

.88 

.84 

.80 

6,, deg x f ,  cm 

w4 f l a p  o f f  - 
_ _ _ - - -  W4( V5) 5 25.425 

- W4(FV5) 3.5 23.467 
1 

Figure  23.- E f f e c t  of vec to r ing  f l a p  l o c a t i o n  on nozzle  t h r u s t  r a t io  
and d ischarge  c o e f f i c i e n t .  = 2.98; xs = 28.47 cm. 
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A,, deg Vector scheme 

w4 - - 

----- W4(G20) 20 Gimbal 

- W4(V20) 20 F1 ap 

Figure 24.- E f f e c t  of  wedge nozz le  vec to r ing  scheme on nozz le  t h r u s t  r a t i o  
and d i scha rge  c o e f f i c i e n t .  (Ae/At). = 2.98; xs = 28.47 cm. 
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* xt = 5 . 7 7 9 4  
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I I  I I 

Row 2 Row 1 

Row 2 (y/w,/2 = 0.875) 

Typical nonaxisymmetric convergent-divergent nozzle flap 

(a) Flap static-pressure instrumentation. 

Figure 25.- Sketches of nonaxisymmetric convergent-divergent nozzle components showing internal 
static-pressure orifice locations. All dimensions are in centimeters unless otherwise noted. 
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(b) Sidewall static-pressure instrumentation. 

Figure 25. - Concluded. 
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~ 
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(a) Flap static-pressure instrumentation. 

Figure 26.- Sketches of single-ramp expansion nozzle components showing 
internal static-pressure orifice locations. 
centimeters unless otherwise noted. 

All dimensions are in 
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F igu re  26. - Concluded. 
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(a) Unvectored flap static-pressure instrumentation. 

Figure 27.- Sketches of wedge nozzle canponents showing internal static-pressure 
orifice locations. All dimensions are in centimeters unless otherwise noted. 
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Figure 27. - Continued. 
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(c) Wedge static-pressure instrumentation. (Same wedge used for all configurations 
including W4 (G20) ; pressures not measured with vector flap configurations. 1 
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Figure 27.- Continued. 



Upper flap: xlx, - 0.749, 0.880, 1.045, 1.143, 1.245 
Lower flap: x/xt = 0.778, 0.936, 1.041, 1.140, 1.255 

(d) Vectored flap s t a t  ic-pr essur  e i n s  t r  men ta t ion .  
All o r i f i c e s  on model center l ine .  

Figure 27. - Continued. 
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( e) Vector ed si dewall s t a t  i c-pr ess ur e i n s  t r  ument a t  ion. 

Figure 27. - Concluded. 
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